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HOW TO USE THIS SOIL SURVEY REPORT 


dee SOIL SURVEY of Tri-County 
Area, N. Dak., contains information 
that, can be applied in managing farms 
and windbreaks; in selecting sites for 
roads, ponds, buildings, or other struc- 
tures; and in appraising the value of tracts 
of Jand for agriculture, industry, or 
recreation. 


Locating Soils 


All the soils of the Tri-County Area are 
shown on the detailed map at the back of 
this report. This map consists of many 
sheets that are made from aerial photo- 
graphs. Each sheet is numbered to cor- 
respond with numbers shown on the Index 
to Map Sheets. 

On each sheet of the detailed map, soil 
areas are outlined and are identified by 
symbol. All areas marked with the same 
symbol are the same kind of soil. The 
soil symbol is inside the area if there is 
enough room; otherwise, it is outside and 
a pointer shows where the symbol belongs. 


Finding and Using Information 


The “Guide to Mapping Units and Ca- 
pability Units” can be used to find infor- 
mation in the report. This guide lists all 
of the soils of the area in alphabetic order 
by map symbol. It shows the page where 
each kind of soil is described, and also the 
page for the capability unit or any other 
group in which the soil has been placed. 


Cover picture: 


Individual colored maps showing the 
relative suitability or limitations of soils 
for many specific purposes can be devel- 
oped by using the soil map and informa- 
tion in the text. Interpretations not in- 
eluded in the text can be developed by 
grouping the soils according to their suit- 
ability or limitations for a particular use. 
Translucent material can be used as an 
overlay over the soil map and colored to 
show the soils that have the same limitation 
or suitability. For example, soils that 
have a slight limitation for a given use 
can be colored green, those with a moderate 
limitation can be colored yellow, and those 
with a severe limitation can be colored red. 

Farmers and those who work with farm- 
ers can. learn about use and management 
of the soils in the soil descriptions and in 
the discussions of the groupings for man- 
agement of tilled crops, pasture, and wind- 
breaks. 

Scientists and others can read about how 
the soils were formed and how they are 
classified in the section “Formation and 
Classification of Soils.” 

Students, teachers, and others will find 
information about soils and their manage- 
ment in various parts of the text. 

Newcomers in the Tri-County Area may 
be especially interested in the section “Gen- 
eral Soil Map,” where broad patterns of 
soils are described. They may also be 
interested in the sections “Climate” and 
“Physiography, Relief, and Drainage.” 
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NOTICE TO LIBRARIANS 


Series year and series number are no longer shown 
on soil surveys. See explanation on the next page. 


Issued December 1966 


EXPLANATION 


Series Year and Series Number 


Series year and number were dropped from all soil surveys sent to the printer after December 31, 1965. 
Many surveys, however, were then at such advanced stage of printing that it was not feasible to remove series 
year and number. Consequently, the last issues bearing series year and number will be as follows: 


Series 1957, No. 23, Las Vegas and Eldorado Valleys Series 1960, No. 31, Elbert County, Colo. (Eastern 


Area, Nev. : part) 
Series 1958, No. 34, Grand Traverse County, Mich. Series 1961, No. 42, Camden County, N.J. 
Series 1959, No. 42, Judith Basin Area, Mont. Series 1962, No. 13, Chicot County, Ark. 


Series 1963, No. 1, Tippah County, Miss. 


Series numbers will be consecutive in each series year, up to and including the numbers shown in the fore- 
going list. The soil survey for Tippah County, Miss., will be the last to have a series year and series number. 


SOIL SURVEY OF TRI-COUNTY AREA, NORTH DAKOTA 


REPORT BY HOLLIS W. OMODT, FRED W. SCHROER, AND C. R. REDMOND, NORTH DAKOTA AGRICULTURAL 
EXPERIMENT STATION 


SOILS SURVEYED BY FRED W. SCHROER, C. E. REDMOND, M. D. SWEENEY, D. D. PATTERSON, AND S. PHILIPPI, NORTH 
DAKOTA AGRICULTURAL EXPERIMENT STATION, AND E. H. EVENSON AND P. T. CAMPBELL, SOIL CONSERVATION 
SERVICE, UNITED STATES DEPARTMENT OF AGRICULTURE 


UNITED STATES DEPARTMENT OF AGRICULTURE IN COOPERATION WITH NORTH DAKOTA AGRICULTURAL 
EXPERIMENT STATION 


HE TRI-COUNTY AREA, in the southeastern part 

of North Dakota (fig. 1), is made up of parts of Cass, 
Ransom, and Richland Counties. It occupies about 428 
square miles. The area has an irregular shape. It is 49 
miles long from north to south. The maximum width is 
about 22 miles in the southern part, and the minimum 
width is only about 1144 miles near the center. 

The survey area formerly had a cover of tall grasses, but 
now most of it is used for crops. The crops are mainly 
wheat, barley, flax, oats, corn and hay. Wheat and barley 
are the principal small grains. Beef cattle and hogs pro- 
vide another important source of income, but more than 
half of the income is from the sale of grain crops. 

It has been proposed that water from the Garrison 
Reservoir be used to provide water for irrigation in the 
Tri-County Area. In the soil survey program in North 
Dakota, the North Dakota State University Agricultural 
Experiment Station, in cooperation with the Soil Con- 
servation Service, has the primary responsibility for 
making soil surveys in areas proposed for irrigation. 
This survey was made after the Tri-County Irrigation 
District was organized. 


State Agriculture! Experiment Station ot Furga 


Figure 1—Location of the Tri-County Area in North Dakota. 


Physiography, Relief, and Drainage 


The Tri-County survey area lies along the western mar- 
gin of what was formerly Glacial Lake Agassiz (18). 
Within it are four physiographic areas (fig. 2), each of 
which has surface features unlike those of the other areas. 
These are the till plain, the beach area, the Sheyenne 
Delta, and the lake plain. 

The first of these, the till plain, lies along the western 
edge of the Tri-County survey area. It is 1,100 to 1,200 
feet above sea level, but it is lowest in the southern part. 
The soils of the till plain are undulating to nearly level, 
but there are numerous low knolis and small, shallow, 
closed depressions. Because surface drainage is poorly 
developed in the till plain, most of the runoff collects in 
the depressions, and the channels of intermittent streams 
have developed in a few places. These intermittent 
streams are tributaries of streams that eventually empty 
into the Red River of the North. A narrow part of the 
till plain adjacent to Herman Beach has been smoothed by 
the action of the waters of the glacial lake, and many of 
the depressions are nearly filled with sediment. 

. The second physiographic location, the beach area, lies 
east of the till plain. It extends northward across Cass 
County from a point about 6 miles north of the line that 
separates Ransom County from Cass County. The beach 
area is about 1,000 to 1,100: feet above sea level. Within it 
is a succession of five roughly parallel beach areas, or 
ridges, that are 2 to 10 feet high and extend in a north- 
south direction (fig. 3). These ridges represent the vari- 
ous levels reached ‘by the waters of Glacial Lake Agassiz. 
The relative size and distinctness of each beach ridge 
indicates the length of time the water remained at each 
level. 

Herman Beach is the westernmost of these ridges, and 
it is the largest and most nearly continuous of the five. It 
represents the highest static level reached by the waters of 
the lake. East of Herman Beach are the Norcross and 
Tintah Beaches, but neither of these is as prominent as 


1 Italic numbers in parentheses refer to Literature Cited, p. 91, 
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Figure 2.—Physiographic divisions in the Tri-County survey area. 
1. Till plain. 3. Sheyenne Delta, 
2. Beach area. 4, Lake plain. 
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Herman Beach. Campbell Beach, along the eastern edge 
of the beach area, is a prominent ridge. [ast of it 1s 
McCauleyville Beach, which is low and discontinuous. 
That beach appears only as a slight rise on the edge of the 
lake plain. Many other short, discontinuous, low beach 
ridges are in the area associated with the major beach 
ridges. 

The beach ridges consist mostly of sand and gravel, but 
the sediments range from moderately coarse textured to 
medium textured. The areas between the beach ridges 
are smooth and slope gently to the east. At the eastern 
base of the beach ridges, the soils are poorly drained as a 
result of seepage through the coarse-textured beach 
sediments. 

The beach area is drained by the Elm and Rush Rivers, 
Swan Creek, and a few unnamed intermittent streams. 
Drainage to the east has been restricted by the beach 
ridges. Ponding occurred west of the ridges until the 
water flowed over the ridgetops and entrenched. Nearly 
all the streams have a southward trend. The Rush River 
and the stream north of the town of Embden were blocked 
by the beach ridges, and they flowed southward for several 
miles before they entrenched eastward to the lake plain. 

The third physiographic area, the Sheyenne Delta, is 
large and nearly level. It is made up of silty and sandy 
sediments deposited in Glacial Lake Agassiz by the Shey- 
enne River. The Sheyenne Delta slopes to the northeast 
with a fall of about 2 feet per mile. From Sheldon to the 
town of Leonard, a distance of about 18 miles, the eleva- 
tion drops from 1,079 to 1,053 feet. 

The area of the Sheyenne Delta that is west of Herman 
Beach in Ransom County has some features similar to 
those of the till plain. In that area are depressions, 10 to 
50 acres in size, that lie 20 or more feet below the general 
level of the plain. This area is covered by a mantle of 
sediments of lacustrine or deltaic origin. 

Moderately coarse textured and coarse textured sedi- 
ments are dominant in the part of the Delta in and east of 
Range 53. Evidences of the modification of the original 
surface features by wind action are common in that part of 
the Sheyenne Delta. The sandy sediments that were 
originally deposited have been moved about by wind, and 
as a result, low dunes are along the southern edge of that 
area. 

Because the soils of the Sheyenne Delta are nearly level 
and the water from precipitation enters them readily, 
there is only a small amount of runoff. Surface drainage 
is provided by the Maple River, which is deeply en- 
trenched in the Delta. An intermittent stream southwest 
of Sheldon empties into the Maple River north and east 
of Sheldon. A deep ravine, about 3 miles long, extends 
to the edge of the Delta northwest of Leonard. 

Because of the highly permeable material in the surface 
layer of the soils and the lack of surface drainage, nearly 
half of the Sheyenne Delta south of the Maple River has 
restricted drainage. In that area the water table is within 
5 feet of the surface in most years during at least part of 
the growing season. 

The fourth physiographic area, the lake plain, occupies 
small areas east of the beach area and the Sheyenne Delta. 
Most of these areas are nearly level. In places, however, 
there are low ridges and shallow depressions in which the 
difference in elevation is less than 12 inches from the 
ridgetop to the bottom of the depression. 


Climate 


The Tri-County survey area is near the center of North 
America, latitude 47° N., far from the moderating influ- 
ence of large bodies of water. The climate is continental 
and is marked by extremes in temperature. In winter the 
weather is usually cold, the temperature fluctuates widely, 
and there are occasional blizzards. In summer the 
weather is warm, the temperature is somewhat less variable 
than in winter, and there is 60 to 70 percent of the possible 
number of hours of sunshine. During July the normal 
relative humidity at noon is 48 percent. The prevailing 
winds in winter are northwesterly, and those in summer 
are usually northwesterly or southeasterly. Hailstorms 
occur less frequently than they do in the western part of 
North Dakota. Few tornadoes have occurred in this area. 

In the following paragraphs facts about temperature 
and precipitation in the survey area are given for three 
places that are considered representative for the area. 
These are Amenia, in Cass County near the center of the 
survey area; Fargo, also in Cass County a short distance 
east of the survey area; and Lisbon, in Ransom County in 
the southern part of the survey area. Table 1 shows the 
probabilities of the last freezing temperature in spring and 
the first in fall at these three locations (12). 


TaBLE 1—Probabilities of last freezing temperatures in 
spring and first in fall (12) 


AMENIA 
Probability 24° F. or | 28° F. or |32° F. or 
lower lower lower 
Spring: 
1 year in 4 later than _.__-_.- May 3 May 13 | May 24 
1 year in 2 later than._..----- Apr, 25 | May 6 May 17 
3 years in 4 later than___.---- Apr. 17 | Apr. 29 | May 10 
9 years in 10 later than_._____ Apr. 9 Apr. 22 | May 3 
Fall: 
1 year in 4 later than.___-___- Sept. 28 | Sept. 23 | Sept. 15 
1 year in 2 later than ._______- Oct. 6 Sept. 30 | Sept. 21 
3 years in 4 later than. Oct. 14 | Oct. 7 Sept. 27 
9 years in 10 later than Oct. 22 | Oct. 13 | Oct. 3 
Farco 
Spring: 
1 year in 4 later than ___..-2- May 3 May 11 | May 20 
1 year in 2 later than...--_--- Apr. 25 | May 4 May 13 
3 years in 4 later than.._____- Apr. 17 | Apr. 27 | May 6 
9 years in 10 later than______- Apr. 9 Apr. 20 | Apr. 29 
Fall: 
1 year in 4 later than._.._.2_- Oct. 8 Sept. 27 | Sept. 19 
1 year in 2 later thane. 22222. Oct. 16 | Oct. 4 Sept. 25 
3 years in 4 later than_______- Oct. 24 | Oct. 11 | Oct. 1 
9 years in 10 later than._..-_- Nov. 1 Oct. 17 | Oct. 7 
Lispon 
Spring: 
1 year in 4 later than ________ May 4 May 15 , May 28 
1 year in 2 later than. 22 LL _ Apr. 26 | May 8 May 21 
3 years in 4 later than________ Apr. 18 | May 1 May 14 
9 years in 10 later than_______ Apr. 10 | Apr. 24 | May 7 
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Tasty 1—Probabilities of last freezing temperatures in 
spring and first in fall (12)—Continued 


Lisson 

Probability 24° F. or} 28° F. or [32° F. or 

lower lower lower 

Fall: 

1 year in 4 later than________- Sept. 29 | Sept. 21 | Sept. 14 
1 year in 2 later than_.______- Oct. 7 Sept. 28 | Sept 20 
3 years in 4 later than.._____- Oct. 15 Oct. 5 Sept. 26 

9 years in 10 later than_______ Oct. 23 | Oct. 11 | Oct. 2 


For the period 1931 through 1962, the average tempera- 
ture for January was 7.0° F. at Amenia, 6.8° at Fargo, 
and 8.9° at Lisbon. For the same period, the average 
temperature for July was 71.5° at Amenia and Fargo and 
717° at Lisbon. The highest recorded temperatures dur- 
ing this period were 115° at Amenia, 114° at Fargo, and 
118° at Lisbon. The lowest recorded temperatures were 
—42° at Amenia, —88° at Fargo, and —40° at Lisbon. 

Table 2 shows the average monthly and average annual 
precipitation at Amenia, Fargo, and Lisbon for the period 
1931 to 1962, inclusive. Because about 80 percent of the 
average annual precipitation of 20 inches occurs during 
the period April through September, when it is most effec- 
tive, the growth of crops and pasture plants is favorable. 
October rainfall is also valuable for the growth of crops in 
the following year. The total average rainfall from April 
through October is 16.09 inches at Amenia, 15.35 inches 
at Fargo, and 16.89 inches at Lisbon, or an average of 16.11 
inches for all three places. About 8 inches of precipitation 
occurs as snow from November through March; some of it 
is lost: as runoff in spring. 

The term “dry-subhumid” (74) has been used to describe 
the climate of this area. Dry years, or periods of semiarid 
or arid climate, are not uncommon. Annual precipitation 
was below 16 inches in 20 percent of the years on record 
(2). In dry periods that frequently occur during the 
growing season, the moisture requirements of .the crops 
exceed the amount of moisture available from rainfall and 
from moisture stored in the soils. In these periods the 
yield and quality of crops are greatly reduced. 


TanuE 2.—Average monthly and average annual precimita- 
tion at Amenia, Fargo, and Lisbon for the period 1931-62 


Precipitation at— 
Month 

Amenia Fargo Lisbon 

Tiches Inches Inches 
January._--..--------------- . 0. 52 48 
Pebruaryicsi. Jed o cee ec tse . 45 . 52 . 56 
Marcho. 2.0 nose cocoon eee 79 74 80 
April: s:2402052 eee 1.75 1.71 1. 93 
Miayoo2c2 2255522 Gescstoocuss 2.79 2.12 2, 58 
TVG ce Baie vice Carat ocr con ele 3. 62 2.99 3. 81 
VULYs 2c oascerh no mea gemeaee 2. 66 3. 00 2. 72 
Aligusts 225 h.5 oss asen eee 2. 52 2. 85 3, 02 
September___-___----------- 1. 54 1. 58 1. 60 
October_......-------------- 1,21 1.10 1, 23 
November._____._----------- 76 .81 . 72 
December__..-..------------ . 46 57 AT 
Olah cnanlawacteeouiae 18. 92 18. 51 19. 92 


How Soils Are Mapped and Classified 


Soil scientists made this survey to learn what kinds of 
soils are in the Tri-County Area, where they are located, 
and how they can be used. 

They went into the survey area knowing they likely 
would find many soils they had already seen, and perhaps 
some they had not. As they traveled over this area, they 
observed steepness, length, and shape of slopes; size and 
speed of streams; kinds of native plants or crops; kinds of 
rock; and many facts about the soils. They dug many 
holes to expose soil profiles. A profile is the sequence of 
natural Jayers, or horizons, in a soil; it extends from the 
surface down into the parent material that, has not been 
changed much by leaching or by roots of plants. 

The soil scientists made comparisons among the profiles 
they studied, and they compared these profiles with those 
in areas nearby and in places more distant. They classi- 
fied and named the soils according to nationwide, uniform 
procedures. To use this report efficiently, it is necessary 
to know the kinds of groupings most used in a local soil 
classification. 

Soils that have profiles almost alike make up a soil 
series. Except for different texture in the surface layer, 
all the soils of one series have major horizons that are simi- 
lar in thickness, arrangement, aa‘d other important charac- 
teristics. Each soil series is named for a town or other 
geographic feature near the place where a soil of that 
serles was first observed and mapped. Hecla and Fargo, 
for example, are the names of two soil series. All the soils 
in the United States having the same series name are 
essentially alike in those characteristics that go with their 
behavior in the natural, untouched landscape. Soils of 
one series can differ somewhat in texture of the surface 
soil and in slope, stoniness, or some other characteristic 
that affects use of the soils by man. 

Many soil series contain soils that differ in texture of 
their surface layer. According to such differences in tex- 
ture, separations called soil types are made. Within a 
series, all the soils having a surface layer of the same tex- 
ture belong to one soil type. Hecla fine sand and Hecla 
fine sandy loam are two soil types in the Hecla series. The 
difference in texture of their surface layers is apparent 
from their names. 

Some soil types vary so much in slope, degree of erosion, 
number and size of stones, or some other feature affecting 
their use that practical suggestions about their manage- 
ment could not be made if they were shown on the soil map 
as one unit. Such soil types are divided into phases. The 
name of a soil phase indicates a feature that affects man- 
agement. Jor example, Hecla fine sandy loam, nearly 
level, is one of two phases of Hecla fine sandy loam, a soil 
type that is extensive in the survey area. 

After a guide for classifying and naming the soils had 
been worked out, the soil scientists drew the boundaries of 
the individual soils on aerial photographs. These photo- 
graphs show woodlands, buildings, field borders, trees, and 
other details that greatly help in drawing boundaries accu- 
rately. ‘The soil map in the back of this report was pre- 
pared from the aerial photographs. 

The areas shown on a soil map are called mapping 
units. On most maps detailed enough to be useful in 
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planning management, of farms and fields, a mapping unit 
is nearly equivalent to a soil type or a phase of a soil type. 
It is not exactly equivalent, because it is not practical to 
show on such a map all the small, scattered bits of soil of 
some other kind that have been seen within an area that is 
dominantly of a recognized soil type or soil phase. 

In preparing some detailed maps, the soil scientists have 
au problem of delineating areas where different kinds of 
soils are so intricately mixed, and so small in size, that it is 
not practical to show them separately on the map. There- 
fore, they show this mixture of soils as one mapping unit 
and call it a soil complex. Ordinarily, a soil complex is 
named for the major kinds of soil m it, for example, 
Hamar-Ulen fine sandy loams. 

Two or more soils that normally do not occur with any 
regularity in pattern or in proportions may be mapped 
together. When this is done, the unit is called an undif- 
ferentiated mapping unit and is named for its major soils. 
Such groups of soils generally consist of two or more series. 
At least one of the component soils of the group occurs in 
every delineated area, but all of the component soils may 
occur in some delineated areas, and more than one, but not 
all,in others. The individual areas of component soils are 
large enough so that they could be set apart on a detailed 
map. For the most part, however, the soils of the group 
are similar enough in behavior so that thetr separation is 
not important for the objectives of the survey. An ex- 
ample of an undifferentiated group is Embden and Hecla 
fine sandy loams. 

Other areas, shown on most soil maps, are so rocky, so 
shallow, or so frequently worked by wind and water that 
they scarcely can be called soils, These areas are shown 
on a soil maup like other mapping units, but they are given 
descriptive names, such as Alluvial land or Gravel pits, 
and are called land types rather than soils. 

While a soil survey is in progress, samples of soils are 
taken, as needed, for laboratory measurements and for 
engineering tests. Laboratory data from the same kinds 
of soils in other places are assembled. Data on yields of 
crops under defined practices are assembled from farm 
records and from field or plot experiments on the same 
kinds of soils. Yields under defined management are 
estimated for all the soils. 

But only part of a soil survey is done when the soils have 
been named, described, and delineated on the map, and the 
laboratory data and yield data have been assembled. The 
mass of detailed information then needs to be organized in 
& way that it is readily useful to different groups of 
readers, among them farmers, ranchers, managers of 
woodland, engineers, and homeowners. Grouping soils 
that are similar in suitability for each specified use is the 
method of organization commonly used in the soil survey 
reports. Based on the yield and practice tables and other 
data, the soil scientists set up trial groups, and test them 
by further study and by consultation with farmers, agron- 
omists, engineers, and others. Then, the scientists adjust 
the groups according to the results of their studies and 
consultation. Thus, the groups that are finally evolved 
reflect up-to-date knowledge of the soils and their behavior 
under present methods of use and management. 


SURVEY 


General Soil Map 


This section is for persons interested in the soils in areas 
larger than a farm. Its purpose is to provide a general 
picture of the soils of the Tri-County survey area. The 
information it provides is useful in planning general agri- 
cultural programs, in planning development of communi- 
ties, and in locating aveas suitable for a specific crop or 
kind of farming. 

A map showing the soil associations of the Tri-County 
Area has been placed in the back of this report. Each 
area on the map is identified by a number and a distinctive 
color. The areas on this map consist of soils that occur 
in characteristic patterns or positions on the landscape. 
The most extensive soils within each area, or soil associa- 
tion, is indicated in the name of that association. In some 
instances a single soil may be dominant in an association. 
More commonly, two or three soil series are in an associa- 
tion and each of these makes up a significant part of the 
acreage. Several different soils, for example, make up 
association 4, Gardena-Glyndon-Eekman association, and 
association 9, Renshaw-Sioux association. Each area on 
the general soil map also contains smaller areas of soils 
other than those specified in the name of the association. 

In the text, the soil associations are described in the 
order in which they ave named in the legend on the general 
soil map. A part of the discussion of each association is 
mention of the relative extent of the soils in it, the gen- 
eral area in which the soils occur, and some of the uses 
and limitations of the soils. More detailed information 
about the soils is given in the sections “Descriptions of the 
Soils,” “Use and Management of Soils,” and “Iormation 
and Classification of Soils.” 


1. Aberdeen Association 


Nearly level, somewhat poorly drained, sitiy soils that have 
a claypan. 


In this association are nearly level, mainly somewhat 
poorly drained soils that have a claypan subsoil. The 
association is between the towns of Arthur and Amenia, 
along the eastern edge of the survey area on the boundary 
between the beach area and the lake plain. It occupies 
less than 1 percent of the survey area. 

Aberdeen soils occupy about three-fourths of the asso- 
ciation, and Fargo and Bearden soils occupy about one- 
fourth. AJ] of these soils have a surface layer of silt loam 
or silty clay loam and a subsoil of dense, clayey, very slowly 
permeable material. The lower part of their subsoil and 
the substratum contain soluble salts and gypsum. 

The clayey material in the subsoil restricts the growth of 
roots and thus limits the productivity of the soils in this 
association. Yields are highest in the years in which rain- 
fall is uniformly distributed but are lower in years when 
rainfall is excessive or too low. The soils are likely to 
become waterlogged in wet years. 

The Aberdeen soils are fair for agriculture, but yields 
are somewhat lower than on the Fargo and Bearden soils. 
Wheat, barley, flax, corn, and hay are the principal crops. 
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2. Bearden-Overly-Fargo Association 


Nearly level, moderately well drained to poorly drained 
silt loams to clays 


In this association are moderately well drained to poorly 
drained, nearly level soils of the lake plain and a few small, 
nearly level patches of soils of the beach area. ‘The asso- 
ciation occupies about 3 percent of the county. 

Bearden, Overly, and Fargo soils are dominant in the 
association, and they are about equal in extent. All of 
these soils have developed in moderately fine textured or 
fine textured lake sediments. The texture of their surface 
layer is silt loam to clay. The surface layer contains a 
large amount of organic matter, and the available moisture 
capacity is high. 

The Bearden soils have a surface layer of dark-colored 
silty clay loam or silt loam that is high in content of lime. 
Just beneath the surface layer is a layer of light-colored 
silty clay loam where calcium carbonate has accumulated. 
The Bearden soils are moderately well drained or some- 
what poorly drained. In many years they have « high 
water table in spring. 

The Overly soils have a thick, black surface layer of 
silty clay loam. They are moderately well drained. 

The Fargo soils also have a thick, black surface layer, 
but the texture of their surface layer is silt loam to clay. 
The Fargo soils are poorly drained and have a very slowly 
permeable subsoil of olive-gray clay. Surface drains can 
be used to remove the excess water. 

All of the soils of this association are well suited to culti- 
vated crops. Yields of all of the crops commonly grown in 
the survey area are high-on the Overly and Bearden soils. 
Yields are lower on the Fargo soils because the Fargo soils 
have poorer drainage and finer texture than the Overly and 
Bearden soils. Although all of the soils of this associa- 
tion are productive, crops grown on them respond to appli- 
cations of phosphate and nitrogen fertilizer. 


3. Embden-Glyndon-Egeland Association 


Nearly level, well-drained or somewhat poorly drained 
toams or fine sandy loams 


The soils of this association are nearly level, well- 
drained or somewhat poorly drained loams or fine sandy 
loams of the beach area and the Sheyenne Delta. They 
are adjacent to the Maple River. The association occupies 
about 20 percent of the area surveyed. 

Embden and Glyndon soils each occupy about 40 percent 
of the association, and Egeland soils occupy about 10 per- 
cent. The rest of the association consists of Gardena, 
Eckman, and other minor soils. 

The Embden, Glyndon, and Egeland soils formed in 
moderately coarse textured and medium-textured beach 
sediments and deltaic sediments of Glacial Lake Agassiz. 
All of them have a dark-colored surface layer that is high 
in content of organic matter. The Glyndon soils have 
high available moisture capacity, but the available mois- 
ture capacity of the Embden and Egeland, soils is 
moderate, 

The Embden soils have a thick, dark-colored surface 
layer of fine sandy loam. They are moderately well 
drained and occupy nearly level or slightly concave areas, 
where they formed in moderately coarse textured material. 
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The Embden soils are highly susceptible to wind erosion if 
they are cultivated. 

The Glyndon soils also have a dark-colored surface 
layer, and they have a light-colored, medium-textured 
layer of lime accumulation immediately beneath the sur- 
face layer. They formed in medium-textured material. 
The Glyndon soils are moderately well drained or some- 
a poorly drained, and they have a seasonal high water 
table. 

The Egeland soils have a surface layer that is thinner 
than that of the Embden soils. They are well drained 
and oceupy slightly higher positions than those occupied 
by the Embden and Glyndon soils. They formed in mod- 
erately coarse textured material. The Egeland soils are 
highly susceptible to wind erosion. 

The Glyndon soils are the most productive of any of the 
soils of this association. The Embden soils are more pro- 
ductive than the Egeland. ‘Wheat, barley, oats, flax, corn, 
and hay are the maim crops. All of these soils have mod- 
erate to high natural fertility, but phosphate and nitrogen 
fertilizer increase yields. Response to fertilizer is more 
consistent on the Glyndon soils than on the Embden and 
Egeland because of the higher moisture-holding capacity 
of the Glyndon soils. 


4. Gardena-Glyndon-Eckman Association 


Nearly level, well-drained to somewhat poorly drained 
loams , 


Nearly level, well-drained to somewhat poorly drained 
loams, in the nearly level parts of the beach area and the 
western part of the Sheyenne Delta make up this associa- 
tion. ‘These soils developed in medium-textured lake sedi- 
ments, but more than 30 percent of the association is under- 
Jain by glacial till or by fine-textured lake sediments. The 
association occupies about 84 percent of the survey area. 

Gardena soils occupy about 50 percent of this association, 
Glyndon. soils about 30 percent, and Eckman soils about 5 
percent. Minor soils are the Embden, Renshaw, and 
Egeland. 

All of the soils of this association contain a large amount 
of organic matter, but the Gardena soils contain more 
organic matter than the other soils. The available mois- 
ture capacity is high in all of these soils. 

The Gardena soils have a thick, black, loamy surface 
layer. They are moderately well drained. 

The Glyndon soils have a surface layer that is thinner 
than that of the Gardena soils, and their surface layer is 
high in content of lime. The Glyndon soils are nearly 
level, are moderately well drained to somewhat poorly 
drained, and have a seasonal high water table. For these 
soils surface drainage is required to obtain consistently 
high yields. 

The Eckman soils also have a surface layer that isthinner 
than that of the Gardena soils. They are in slightly higher 
areas than the Gardena and Glyndon soils, and they are 
well drained. 

The soils of this association are well suited to cultivated 
crops, but yields ave generally higher on the Gardena and 
Glyndon soils than on the Eckman soils. This is because 
the Eckman soils occupy slightly higher positions, and 
there is more runoff than on the Glyndon and Gardena soils. 
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Although all of these soils are productive, crops grown on 
them generally respond well to applications of phosphate 
and nitrogen fertilizer. 


5. Hecla-Hamar-Ulen Association 


Nearly level and gently undulating, moderately well 
drained to poorly drained, sandy sorts 


This association is made up of nearly level or gently 
undulating, moderately well drained to poorly drained, 
sandy soils of the Sheyenne Delta and the northern part of 
the beach area. It is the most extensive association of the 
Sheyenne Delta and occupies about 18 percent of the survey 
area. 

Soils of the Hecla series occupy about 50 percent of the 
association, and soils of the Hamar and Ulen series each 
occupy about 20 percent. Minor soils are those of the 
Embden, Tiffany, and Arveson series. All of the soils of 
this association have a dark-colored surface layer and de- 
veloped in moderately coarse textured or coarse textured 
sediments. They are nioderate to low in fertility, have a 
moderate to high content of organic matter, and have low 
available moisture capacity. A seasonally high water 
table is at a depth of less than 5 feet in many places. 

The Hecla soils have a thick, black surface layer that is 
moderately coarse textured. They are nearly level or 
gently undulating and occur at a slightly higher elevation 
than the Hamar and Ulen soils. In many places within 
this association they occupy areas less than 5 feet higher 
than those occupied by the Hamar soils. The Hecla soils 
are moderately well drained. They are highly susceptible 
to wind erosion. 

The Hamar soils also have a thick, black surface layer 
that is coarse textured. They are nearly level and occupy 
low areas of the association. The Hamar soils are poorly 
drained and have a water table at a depth of less than 
5 feet during most of the growing season. They, like the 
Heela soils, are highly susceptible to wind erosion. 

The Ulen soils have a thinner surface layer than the 
Hecla and Hamar soils, but their surface Jayer is black. 
They contain a light-colored zone of lime accumulation. 
The Ulen soils are nearly level. They occupy slightly 
higher areas than the Hamar soils and slightly lower areas 
than the Hecla soils. Ulen soils are moderately well 
drained to somewhat poorly drained. 

Corn, oats, barley, wheat, and hay are the main crops 
grown on this association, and part of the association is 
used for native pasture. The soils are well suited to native 
pasture but are less well suited to field crops. In seasons 
when rainfall is above normal, wetness js a serious problem 
where field crops are grown. Crops grown on these 
soils respond to applications of phosphate and nitrogen 
fertilizer. 


6. La Prairie-Fairdale Association 


Nearly level, moderately well drained loams on flood 
plains 


Moderately well drained loams on flood plains and on 
the higher bottom lands make up this association. These 
soils are mainly in the valleys of the Maple and Rush 
Rivers. The association occupies less than 3 percent of 
the survey area. 


La Prairie and Fairdale soils make up most of this 
association, but minor areas are occupied by Lamoure and 
Borup soils. The La Prairie and Fairdale soils are about 
equal inextent. They occur together in a complex pattern 
in some areas where the bottom lands are dissected by 
numerous old stream channels. In places their value for 
agriculture is diminished by the smal] size of the areas and 
the presence of the old stream channels. 

The soils of this association have developed. in medium- 
textured sediments that were deposited recently by 
streams. They have high moisture-holding capacity. 

The La Prairie soils are dark colored and are moderately 
well drained. They are nearly level and are on high bot- 
tom lands that are seldom flooded. The areas are 
commonly bordered by or are encircled by abandoned 
stream channels. 

The Fairdale soils have a moderately dark colored sur- 
face layer and a light-colored subsoil. They are moder- 
ately well drained. 

The soils of this association are productive and are well 
suited to cultivated crops. Crops grown on them, how- 
ever, respond well to applications of phosphate and 
nitrogen fertilizer. 


7. Maddock-Hamar Association 


Gently undulating to hilly, somewhat eacessively drained 
to poorly drained, sandy soils 

This association is on the Sheyenne Delta along the 
eastern and southern boundaries of the survey area. The 
areas are gently undulating in some places and hummocky 
to hilly or dunelike in others. Blowout areas and over- 
blown areas are common. The association occupies about 
2 percent of the survey area. It is made up of sandy soils 
that are somewhat excessively drained to poorly drained. 

This association consists mainly of Maddock and 
Hamar soils, but small areas of Hecla and Ulen soils are 
included. The Maddock soils are more extensive than 
the Hamar. 

All of these soils developed in.sands deposited by wind. 
They are dark colored or moderately dark colored, low to 
high in content of organic matter, and low in available 
moisture capacity. 

The well-drained to somewhat excessively drained 
Maddock soils occupy the higher parts of the association, 
or the hummocks, low ridges, and dunes. They are dark 
colored and coarse textured. These soils are moderately 
fertile, but they are highly susceptible to wind erosion. 
Moderate erosion has already occurred in the areas that 
have been cultivated. The content of organic matter is 
moderate to low. 

The Hamar soils occupy the low areas between the hum- 
mocks and low ridges. They, like the Maddock soils, are 
dark colored and coarse textured. The Hamar soils con- 
tain a large amount of organic matter. They are poorly 
drained, but their moisture-holding capacity is low. 

The soils of this association are well suited to native 
pasture and hay, but yields of field crops are low on the 
Maddock soils. If the Maddock soils are cultivated, they 
require intensive practices that control erosion. The 
Hamar soils are moderately productive. Unless drainage 
is provided, however, they are not suited to legumes or to 
crops that are planted early in spring. 
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8. Overly-Gardena Association 


Nearly level, moderately well drained loams to silty clay 
loams 


This soil association consists of nearly level, moderately 
well drained soils on the lake plain in the southwestern 
corner of the county. The association occupies about 2 
percent of the survey area. 

Overly and Gardena soils make up most of the associa- 
tion. They developed in medium-textured and moder- 
ately fine textured lake sediments underlain by glacial till. 
These soils are dark colored, are high in content of organic 
matter, and have high available moisture capacity. 

The surface layer of the Overly soils is thick, black silt 
loam or silty. clay loam, and their subsoil is very dark 
grayish-brown silt loam to silty clay loam. The profile 
of the Gardena soils is similar to that of the Overly soils, 
except that the texture of their surface layer and subsoil is 
loam. The loamy glacial till that underlies these soils is 
at a depth of 4 to 5 feet. 

The soils of this association are well suited to cultivated 
crops. Wheat, barley, flax, oats, corn, and hay are the 
principal crops. 


9. Renshaw-Sioux Association 


Nearly level to rolling, well-drained and excessively 
drained soils that are shallow to gravel and coarse sand 


This association occupies long, narrow strips on beach 
ridges in the beach area and is on terraces adjacent to the 
valley of the Maple River. It makes up only about 2 per- 
cent of the survey area. The soils are well drained or 
excessively drained and are shallow over gravel and coarse 
sand. 

Renshaw and Sioux soils occupy most of the association. 
These soils are dark colored, and they developed in medi- 
um-textured to moderately coarse textured sediments. 
Gravel and coarse sand are near the surface. Small areas 
of Divide, Spottswood, and Fordville soils are included in 
this association. 

The Renshaw soils are well drained. They are on ter- 
races and beach ridges and are underlain by gravel and 
sand at a depth of 10 to 24 inches. Their available 
moisture capacity is moderate to low. 

The Sioux soils are excessively drained. They are on 
the crests of beach ridges and on the edges of terraces. 
They have a dark-colored, medium-textured or moderately 
coarse textured surface layer and are underlain by gravel 
and sand at a depth of less than 10 inches. Thetr mois- 
ture-holding capacity is low. 

Areas of the Renshaw soils of this association ave fair 
for cultivated crops where gravel and sand are more than 
15 inches beneath the surface. The shallower Renshaw 


soils and the Sioux soils are poorly suited to cultivated - 


crops. In many places, however, where small areas of 
these shallow soils occur with more productive soils, they 
are farmed with the more productive soils. 


10. Svea-Hamerly-Barnes Association 


Nearly level to undulating, well-drained to somewhat 
poorly drained toams 


This association is mainly on the till plain along the 
western edge of the survey area, but it is partly within the 


beach area. It occupies about 6 percent of the survey 
area. The soils are loamy, are well drained to somewhat 
poorly drained, and are nearly level or undulating. _ 

Svea soils occupy about 40 percent of the association, 
Tamerly soils about 25 percent, and Barnes soils about 20 
percent. Small areas of Buse, Vallers, Tetonka, and 
Parnell soils make up the rest of the association. 

The Svea, Hamerly, and Barnes soils developed in loamy 
glacial till. They have a dark colored or moderately dark 
colored surface layer, a high to moderate content of 
organic matter, and high available moisture capacity. 
Their fertility ranges from high to moderate. 

The Svea soils are moderately well drained, and they 
are in nearly level or in concave areas. Their surface 
layer is thick and black. 

The Hamerly soils are moderately well drained or some- 
what poorly drained. Their surface layer is moderately 
thick, is dark colored or moderately dark colored, and 1s 
calcareous in most places. Unlike the Svea and Barnes 
soils, the Hamerly soils have a light-colored layer of lime 
accumulation just’ beneath the surface layer. Their con- 
tent of organic matter is moderately high, and their mois- 
ture-holding capacity is high. The Hamerly soils are 
affected by a seasonal high water table during part of 
the year. 

The Barnes soils are well drained. They have a moder- 
ately thick, dark-colored surface layer. Their content of 
organic matter is moderate, and their moisture-holding 
capacity is high. 

All of the soils of this association are well suited to 
cultivated crops, but the Svea soils are the most productive. 
In spring, seeding may be delayed on the Hamevly soils 
because those soils are likely to be wet. Wheat, barley, 
oats, corn, and hay are the principal crops. The crops 
respond well to applications of phosphate and nitrogen 
fertilizer. 


11. Ulen-Hecla Association 


Nearly level, moderately well drained or somewhat poorly 
drained, sandy soils 


Except for one tract in the northern part of the survey 
area, this association occupies low, nearly level areas on the 
Sheyenne Delta. It occupies about 5 percent of the survey 
area. The soils are moderately well drained or somewhat 
poorly drained and are sandy. 

Ulen soils occupy more than 60 percent of the association, 
and Hecla soils occupy about 15 percent. The rest of the 
association consists of Hamar, Embden, and Arveson soils. 

The Ulen and Fecla soils developed in coarse textured 
and moderately coarse textured material, and they have a 
dark-colored surface layer. Their content of organic mat- 
ter is moderate, and their available moisture capacity is 
low. The Ulen and Hecla soils are highly susceptible to 
wind erosion, 

The Ulen soils have a surface layer that is calcareous in 
most places. Their subsoil is light colored and is highly 
calcareous. These soils are moderately well drained or 
somewhat poorly drained, but their moisture-holding ca- 
pacity is low. In most years a seasonal high water table 
is less than 5 feet from the surface during much of the 
growing season. 

The Hecla soils occupy slightly higher areas than the 
Ulen soils, and they are moderately well drained. They 
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are moderately high in content of organic matter but have 
low moisture-holding capacity. 

The soils of this association are fairly well suited to culti- 
vated crops, and most of the association is used. for field 
crops. Wetness often delays seeding on the Ulen soils, 
however, and wetness is a hazard on those soils in years 
when rainfall is above normal during the growing season. 


Descriptions of the Soils 


This section describes the soil series and the mapping 
units in the Tri-County Avea. The procedure is first to 
describe each soil series, and then the mapping units in that 
series. Thus, to get full information on any one mapping 
unit, it is necessary to read the description of that unit anc 
also the description of the soil series to which it belongs. 

Each soil series contains a description of the soil profile, 
the major layers from the surface downward. This profile 
is considered typical, or representative, for all the soils of 
the series. If the profile for a given mapping unit differs 
from this typical profile, the differences are stated in the 
description of the mapping unit, or they are apparent in 
the name of the mapping unit. Some technical terms are 
used in describing soil series and mapping units, simply 
because there are no nontechnical terms that convey pre- 
cisely the same meaning. Many of the more commonly 
used terms are defined in the Glossary. 

The acreage and proportionate extent of the mapping 
units are shown in table 3. Detailed technical descriptions 
of soil series are given in the section “Formation and Classi- 
fication of Soils.” At the back of the report, is a list of the 
mapping units in the county and a designation of the 
capa SiNty unit each mapping unit isin. The page where 
each of these groups is described is also given. 


Aberdeen Series 


In the Aberdeen series are somewhat poorly drained 
soils developed in medium-textured to fine-textured glacial 
lake sediments. These soils are in nearly level areas or in 
slight depressions. 

The surface layer is black, slightly acid silt loam 6 to 15 
inches thick. It has weak crumb and fine granular struc- 
ture and is friable when moist and slightly sticky when 
wet. 

The subsurface layer is very dark gray or gray, slightly 
acid very fine sandy loam, loam, or silt loam that has platy 
structure. It is very friable when moist and slightly 
sticky and slightly plastic when wet. The thickness of the 
subsurface layer ranges from 2 to 5 inches. 

The subsoil is a very dark grayish-brown, mildly alka- 
line silty clay loam to clay. It has moderate prismatic 
and moderate columnar structure but breaks easily to 
strong blocky structure. In places the upper part. of the 
prisms breaks easily to platy structure. The surfaces of 
the prisms and blocks are coated with distinct clay films. 
The subsoil is very hard when dry, very firm when moist, 
and very sticky and very plastic when wet. It is 10 to 15 
inches thick. 

The substratum is dark grayish-brown to olive-gray 
silty clay loam to clay. It is moderately alkaline, calcar- 
eous, and moderately saline. Soluble salts and segrega- 


tions of gypsum and lime arecommon. The upper part of 
the substratum has a high content of exchangeable sodium. 

The Aberdeen soils have a thicker surface layer and sub- 
surface layer than the Exline soils, and the salts have been 
leached from their subsoil. Unlike the Fargo and Bear- 
den soils, they have a gray subsurface layer. Also, their 
subsoil has prismatic and columnar structure instead of 
blocky structure like that of the Fargo subsoil. The 
Aberdeen soils lack the layer of lime accumulation immed- 
iately beneath the surface layer that is typical in the 
Bearden soils. 

Most areas of the Aberdeen soils are used for crops. 

Aberdeen silt loam (0 to 2 percent slopes) (Ad)—This 
is the only Aberdeen soil mapped in the county. It is in 
nearly level areas or in slight depressions on the lake 
plain. The surface layer is black, friable silt loam that 
contains a moderate amount of organic matter and is 6 to 
15 inches thick. The subsurface layer is dark-gray loam 
2 to 5 inches thick. The subsoil 1s very dark grayish- 
brown clay to silty clay loam. 

Permeability is moderate in the surface layer and sub- 
surface layer, but it is slow in the subsoil and very slow in 
the substratum. Water enters this soil readily, but it moves 
downward very slowly through the profile. After a large 
amount of rain has fallen, this soil has a perched water 
table just above the subsoil. The substratum contains 
soluble salts and segregations of gypsum. The density of 
the subsoil and the salts and gypsum in the substratum 
limit the depth to which roots can penetrate. 

Much of the time, this soil is droughty because of the 
shallow root zone, or it is too wet for tillage because of the 
slow movement of water through the profile. In spring, 
tillage and planting are often delayed because this soil is 
wet, The excess surface water can be removed by using 
surface drains. 

Most areas of this soil are farmed, and wheat, barley, 
oats, flax, corn, and hay are the crops commonly grown. 
Yields are good in years when rainfall is uniformly dis- 
tributed. They are poor in unusually wet or unusually 
dry years. (Capability unit ITTs-2) 


Alluvial Land 


Alluvial land (0 to 2 percent slopes) (Ak).—This miscel- 
laneous land type is on Gobtoin lands along narrow inter- 
mittent drainageways that lack 2 well-defined stream 
channel. Most areas are hummocky. The hummocks are 
1 to 2 feet high and 3 to 5 feet apart. Drainage is very 
poor, and seepage is receivéd from adjacent areas. At 
times, this land type is covered by runoff from higher 
areas. The water table is at or near the surface during 
the growing season. 

The upper part of the soil material is black and is-high 
in content of organic matter. Its texture ranges from 
sandy loam to silty clay loam. 

All of this land type is used for pasture. 
unit Vw~1) 


(Capability 


Arveson Series 


The Arveson series consists of poorly drained soils devel- 
oped in moderately coarse textured or coarse textured 
sediments deposited in glacial lakes. These soils are in 
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Soil Area | Extent Soil Area |Extent 
Acres Percent Acres Percent 
Aberdeen silt loam__-..----.-.----------------- 1, 250 0.5 |) Hecla fine sand, nearly level_-._-_- ( i 
Ae Mae os es oe hae eles BRS Si ecu 1, 456 .5 || Hecla fine sandy loam, nearly level_...---2 2-22 3.3 
Arveson fine sandy loam_.__.-----.----------- 2, 232 .8 |! Fecla fine sandy loam, moderately shallow, nearly 
Arveson fine sandy loam, moderately shallow. -_ 260 Jl TVG concen ov. Shao cae aus Rae en ioe ee 885 3 
Arveson fine sandy loam, very wet__--..------__ 119 0) Hecla loamy fine sand, loamy substratum, nearly 
Arveson lobiM joe. soos peek et tee bike ee 535 2 l6Velt. oo 2a e hee ete hoe oe ed kee Le 2, 446 9 
Barnes loam, undulating. _...----------------- 1, 034 .4 || Decla loamy fine sand, moderately shallow, nearly 
Barnes-Buse loams, rolling....-----....-------- 1, 047 4 JeVelee ho Sete ceaee So ees See eee fen es 149 3k 
Barnes-Buse loams, strongly rolling-...-----.-_- 690 .2 | Hecla sandy loam, loumy substratum, nearly level. 329 at 
Barnes-Svea loams, undulating. -----.--.------ 665 .2 || Tecla soils, nearly level_......-22------------- 1, 685 .6 
Bearden silt loam_..__-....-_-._----------------8e : .9 || Hecla and Embden fine sandy loams, nearly level. 347 re 
Bearden silty clay loam______----------------- .3 || Hecla-Hamar complex, hummocky, croded___-_.-| 1, 845 7 
Bearden soils, saline. ......_.-------_--------- .2 || Hecla and Hamar loamy fine sands, nearly level_.| 22, 796 8.3 
Bearden-Overly silt loams____-----.-.-----.--- .3 || Hecla-Ulen fine sandy loams, nearly level..-._..-| 1, 036 4 
Borup silt: loam. 35222 teense ees eee oe 1.2 || Eecla-Ulen fine sandy loams, loamy substratum, 
Borup silt loam, very wet____-----------.~---- wl PULP TORO soto ot lai wig Dae ota kage ets a ae! 213 .1 
Buse loain, hilly__...-----------.------------- .3 || Lamoure silty clay loa 50 (4) 
Dimmiek clay._...--. 2-2-2222 eee : () La Prairie and Fairdale soils._._.....----.----- 2, 345 .8 
Divide loam__._____-..______-- 8 iy .1 || La Prairie silt loam_.....-_-----.--_ 2-2 ee 1, 818 7 
Eckman loam, nearly level ‘ .5 || Maddock fine sandy loam, nearly level. __.-.___- 304 wl 
Eekman loam, undulating. ~..-------_-----..-- : -5 || Maddock fine sandy loam, undulating. --...----- 293 wl 
Eckman loam, rolling....._..-.--------------- ¢ .1 || Maddock fine sandy loam, rolling 378 wl 
Eckman loam, till substratum, undulating-_.---_ 857 .8 || Maddock loamy fine sand, nearly level 539 2 
Egeland fine sandy loam, nearly level_..-_--.__- 1, 749 .6 || Maddock loamy fine sand, undulating. ---.-____- 812 .3 
Egeland fine sandy loam, undulating___...-______ 800 .3 |j Maddock soils, hilly-..__....--.---2---2-- 334 Jl 
Embden fine sandy loam._...----.------------ 24, 413 8.9 ]) Maddock loamy fine sand, mo¢lerately shatlow, 
Embden-Gardena complex__..------------.---- 735 13 nearly level_....---....-----.-------------- 370 on 
EXmbden-Glyndon fine sandy loams. .._.- 5, O51 1.8 || Maddock-Hamar complex, severely eroded... _- 2, 515 9 
Embden and Tecla fine sandy loams 6, 795 2.5 || Overly silt loam, nearly level.._----...--..----.- 3, 640 13 
Exline complex.__._.-.---------- =e 283 .1 || Overly silt loam, saline, nearly level... -.--__-- 199 1 
Fairdale silt loam, levee___._.-....--_---------e 764, .8 || Overly silty clay loam, nearly level_.-_22.2222 2. 757 3 
argo. clay. 24 Js 2552 ses tee see o ee eel Seok 379 .1 |, Overly-Exline complex, nearly level___.------ 2. - 555 .2 
Fargo silt losm_..__2_-- ~~ 414 .2 || Overly-Gardena loams, nearly level 5, 461 2.0 
Fargo silty clay loam _. 2, 165 .8 j| Parnell soils... ---- 22. 208 el 
Fargo silty clay loam, saline__.--_---_------2_- 56 Q) Perella silt loam__...--. 2222-2 ----_--- 169 wl 
Fargo-Exline silty clay loams____._._.-.-----__ 148 .1 || Perella silty clay loam 132 () 
Fordville loam, nearly level_..--..---.-.------- 486 2: |i Rauivillersoilso 2 22s 5 eo eee ee 178 wl 
Fordville loam, undulating.._..---_.._--------. 519 .2 || Renshaw and Sioux loams, nearly level__.___-._- 463 .2 
Fordville sandy loam, nearly level..--.-.---.--- 998 .4 || Renshaw and Sioux loams, undulating. ....____- 876 3 
Fordville sandy loam, undulating.._.-_--------- 758 .3 || Renshaw and Sioux sandy loams, nearly level____ 850 3 
Fresh water marsh... 2-2 2, 216 . 8 |f Renshaw and Sioux sandy loams, rolling__--____- 1, 013 4 
Gardena loam, very deep, nearly level__-.___.___ 11, 296 4.1 || Sioux gravelly loam__..-....2----.22----- ee 183 1 
Gardena loam, very deep, undulating. _--.___._- 314 -1 || Sioux and Renshaw loams, rolling_.._-----.___. 319 .t 
Gardena loam, deep, nearly level__.--.-----..-- 3,375 1.2 || Spottswood loam, loamy substratum, nearly level.! 1, 302 Mes) 
Gardena loam, moderately shallow, nearly level__; 1, 783 .6 || Spottswood sandy loam, loamy substratum, near- 
Gardena loam, moderately shallow, undulating. __ 161 vl lwilevéle cos oo eocl ee eee atte seus hee Sold 2, O72 .7 
Gardena loam, till substratum, nearly level. .____ 21, 519 7.8 || Spottswood-Embden sandy loams, nearly level__- 846 3 
Gardena-Eckman loams, till substratum, nearly Spottswood-Gardena loams, nearly level___.____- 1, 150 4 
TO Se apratin angst aa td UA ie gc toadaae ete! 690 .3 || Stirum-Glyndon complex_..--...2-2----.----_- 887 A 
Gardena-Glyndon loams, nearly level... _--_- 5, 097 4.8 |} Svea-Barnes loams.--.----.2---- 8, 448 3.1 
Gardena-Glyndon loams, till substratum, nearly Svea-Hamerly loams..__._.---.-..-2---.------ 1, 465 5 
leveloaesn ees eset oe cede ks 2.4 |] Tetonka silt loam________.------._-_-----.___- 435 a2 
Glyndon loam, very deep, nearly le 3 7.4 || Tiffany fine sandy lowum....2--.2...---.---- 2 - 135 (4) 
Glyndon loam, very deep, undulating. ....-.22-_ 621 .2 || Ulen complex, saline_.__-..---22-.----.-_---- 810 3 
Glyndon loam, deep, nearly level__.-..--------- 5, 380 2.0 1| Ulen fine sandy loam... 22-22 -------e 14, 859 5. 4: 
Glyndon-Borup loams, strongly saline, nearly Ulen fine sandy loam, loamy substratum_.._2__- 1, 891 .7 
EEO re otros nc meee eS SOE whe caste deat 398 . 1 || Ulen fine sandy loam, moderately shallow. __.__- 493 2 
Glyndon and Gardena loams, nearly level___.___ 1, 032 .4 || Ulen-Gardena fine sandy loams__..___---_------ 287 -l 
Glyndon and Hamerly loams, saline, nearly level_| 5, 963 2.2 || Vallers loam... --------.-------------------- 589 .2 
Gravel: pits: 222 <cccoe lke See eee esa nbee Cae 339 .1 4) Zell fine sandy loam, undulating__....----..- 2. 256 wL 
Hamar fine sandy loam____.--..---..-------- 590. .2 4) Zell loam, undulating. ~_...----.-------------- 428 .2 
Hamar-Ulen fine sandy loams___....-.----_----- 8, 217 3.0 || Zell loam, strongly rolling. ..-.......-------_.- 3, 204 12 
Hamar-Ulen loamy fine sands._.-__._.---_--.-- 1, 069 4 WiAber eek ace a eect le ae eee 194 v1 
Hamerly complex, undulating-_-._-___------.-- 342 al eee nol eee 
Hamerly loam, nearly level.-....-2.22--- =~ 1, 883 7 PLO UAN S272 eer pe Padi otes Oe ee hee dene lara t 274, 308 | 100.0 
Hamerly-Barnes loams, undulating_.._...-___.- 543 .2 


i Less than 0.1 percent. 
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low, nearly level areas and in shallow depressions. Gen- 
erally, the water table is within 3 feet of the surface during 
most of the growing season, but it is at or near the surface 
in years of high rainfall. Sedges and tall grasses are the 
dominant vegetation. 

The surface layer is black, moderately alkaline and 
calcareous fine sandy loam or Joam 8 to 94 inches thick. 
It has weak crumb and blocky structure and is very friable 
when moist and slightly sticky and slightly plastic when 
wet. 

The subsoil is moderately alkaline and strongly cal- 
careous, gray to light brownish-gray fine sandy loam to 
loam that is 10 to 20 inches thick. It has coarse, weak, 
blocky and crumb structure and is very friable when moist 
and slightly sticky and slightly plastic when wet. 

The substratum is dark grayish-brown, moderately alka- 
line and calcareous fine sandy loam to fine sand, and it 
has distinct olive-brown and dark yellowish-brown mot- 
tles. Generally, it is loose and structureless, but where 
it is fine sandy loam, it has very weak crumb structure. 
In some places there are thin layers. of silt loam or silty 
clay loam below a depth of 48 inches. 

The Arveson soils occur with the Ulen, Hecla, Hamar, 
Tiffany, and Embden soils. They have a greater number 
of distinct mottles in their substratum than the Ulen soils. 
Unlike the Hecla, Hamar, Tiffany, and Embden soils, they 
have a. high content of lime in the subsoil. Also, the Arve- 
gon subsoil lacks the dark grayish-brown color that is 
typical of the Hecla, Egeland, and Embden subsoil. The 
Reyes soils developed in coarser textured material than 
the Glyndon soils. 

Most areas of the Arveson soils are used for native 
pasture and hay. 

Arveson fine sandy loam (0 to 2 percent slopes) (An).— 
Most areas of this soil are on the Sheyenne Delta. The 
soil is in low, nearly level areas or in slight depressions 
(fig.4). The surface layer is black, very friable fine sandy 
loam that is caleareous and is 8 to 12 inches thick. The 
subsoil is light brownish-gray, strongly calcareous, very 
friable fine sandy loam. 

In most years the water table is less than 3 feet from the 
surface during most of the growing season, but it is at or 


Figure ¢.—A depression in which Arveson fine sandy loam occurs, 
Heela fine sandy loam is in the higher areas. 
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near the surface in wet years. A slowly permeable layer is 
at a depth of more than 48 inches, but permeability is mod- 
erately rapid above this layer. The available moisture 
capacity is fair. ‘This soilis moderate in content of organic 
matter. Itis highly susceptible to wind erosion. 

Most areas of ‘this soil are grazed or used to grow hay. 
The soil is well suited to grazing and hay, and yields of 
forage are high. The soil is also suitable for cultivation 
if surface drains can be installed. Corn, oats, wheat, bar- 
ley, flax, and hay can be grown where drainage has been 
provided. Some undrained areas of this soil that occur in 
fields with better drained soils are cultivated. The farm- 
ing es and choice of crops are controlled, however, 
by the wetness of the season. (Capability unit [[Iw-1) 

Arveson fine sandy loam, moderately shallow (0 to 2 
percent slopes) (Ar)—This soil occupies small areas in 
shallow depressions and in other low areas. It is on the 
Sheyenne Delta and in the beach area. The surface layer 
is black fine sandy loam 8 to 12 inches thick, and the sub- 
soil is light brownish-gray, strongly caleareous fine sandy 
loam. The substratum, which is at a depth of 20 to 86 
inches, is gray, mottled silt loam to silty clay. 

Permeability is moderately rapid above the substratum 
and is slow or very slow in the substratum, This soil has 
fair available moisture capacity and a moderate content of 
organic matter. 

This soil is highly susceptible to wind erosion if it is eulti- 
vated. It is used mainly for hay and grazing to which it 
is well suited, and yields of forage are high. The soil is 
also suitable for cultivation if surface drains can be in- 
stalled to remove the excess water. Where artificial drain- 
age has been established, corn, oats, wheat, barley, and flax 
are grown, and those areas are also used for hay. Also 
used for cultivated crops are some undrained areas of this 
soil that are in fields with better drained soils. Farming 
methods and the choice of crops vary according to the wet- 
ness of the season. The cultivated areas that have not been 
drained are poorly suited to corn and legumes. (‘Capabil- 
ity unit ITIw-1) 

Arveson fine sandy loam, very wet (0 to 2 percent 
slopes) (Av).—This soil is in the deeper depressions on the 
Sheyenne Delia. ts surface Jayer is black fine sandy Joam 
that is calcareous in most places and is 8 to 12 inches thick. 
The subsoil is strongly calcareous, light brownish-gray fine 
sandy loam. 

Permeability is moderately rapid, and the available mois- 
ture capacity is fair. The content of organic matter is 
moderate to high. This soil is more poorly drained than 
the other Arveson soils mapped in the survey area. The 
water table is at or near the surface during most of the 
growing season. 

All of this soil is grazed or is used to grow hay. This 
soil is better suited to pasture plants and hay than to culti- 
vated crops, but it is also suited to cultivated crops if it is 
drained. Drainage outlets are available in only a few 
areas, however, because of the location of this soil in 
depressions. (Capability unit IIIw-3) 

Arveson loam (0 to 2 percent slopes) (Aw).—This soil is 
in shallow depressions and in low, nearly level areas on 
the Sheyenne Delta. Its surface layer is black, friable 
loam that is calcareous in most places and is 8 to 18 inches 
thick. The subsoil is light brownish-gray, strongly cal- 
careous fine sandy loam. 
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Permeability is moderate in the surface layer and mod- 
erately rapid in the subsoil. The substratum is slowly 
permeable and is at a depth of 5 to 10 feet. This soil has 
fair to good available moisture capacity and a moderate to 
high content of organic matter. In most years the water 
table is within 3 feet of the surface, but in wet years it is at 
or near the surface during most of the growing season. 

Most areas of this soil are in pasture or used to grow 
hay. The soil is well suited to pasture and hay, but it is 
also suitable for cultivation if the excess water can be 
removed by using shallow surface drains. Some un- 
drained areas of this soil that occur with better drained 
soils are cultivated. If this soil has not been drained, it is 
poorly suited to corn and legumes. Farming operations 
and the cropping sequence vary according to the wetness 
of the season. (Capability unit IIlw-2) 


Barnes Series 


The Barnes series consists of well-drained soils devel- 
oped in loam glacial till that is friable and calcareous. 
These soils have slopes of 2 to 12 percent and are in convex 
areas. The dominant vegetation was mid and tall grasses. 

The surface layer is black, slightly acid to mildly alka- 
line loam 4 to 8 inches thick. It has moderate crumb and 
granular structure and is friable when moist and slightly 
sticky and slightly plastic when wet. 

The subsoil is very dark grayish-brown loam 6 to 18 
inches thick. Generally it has moderate prismatic struc- 
ture, but the structure is compound moderate prismatic 
and blocky in some places. The subsoil is friable when 
moist and slightly sticky and slightly plastic when wet. 
In some profiles faint. patches of clay films are on the sur- 
faces of the prisms and blocks. The upper part of the 
subsoil is neutral, and the lower part is mildly or moder- 
ately alkaline. 

The subsoil is underlain by a layer of grayish-brown to 
light grayish-brown, moderately alkaline loam to clay 
loam where lime has accumulated. This layer has weak 
blocky structure. It is hard when dry, friable when moist, 
and slightly sticky and slightly plastic when wet. 

The lower part of the substratum, just beneath the layer 
of lime accumulation, is light olive-brown loam that has a 
few, distinct, reddish-brown and yellowish-brown mottles. 
This material is caleareous and moderately alkaline, and 
it is slightly to moderately saline. It is friable when 
moist and slightly sticky and plastic when wet. In most 
profiles the lower part of the substratum contains gypsum 
crystals. 

The Barnes soils occur with the Buse, Svea, and Ham- 
erly soils. Their profile is somewhat similar to that of the 
Buse soils, except that it contains a very dark grayish- 
brown, noncalcareous subsoil. The Barnes soils have a 
thinner surface layer than the Svea soils. Also, they are 
shallower over a layer where lime has accumulated and 
have a substratum that contams fewer mottles, Unlike 
the Eckman soils, the Barnes soils have pebbles, stones, 
and angular grains of coarse sand throughout the profile 
because they developed in glacial till instead of sorted lake 
sediments. The Barnes soils developed in loam glacial 
till instead of in moderately coarse textured lake sediments 
like the Egeland soils. 


The Barnes soils are used mostly for field crops. The 
principal crops are wheat, barley, oats, flax, corn, alfalfa, 
and tame hay. 

Barnes loam, undulating (2 to 5 percent slopes) (BaB).— 
This soil is on the crests and sides of low knolls on the till 
plain. The surface layer is black, very friable loam 6 to 
8 inches thick. The subsoil is very dark grayish-brown, 
friable loam that is underlain by a lighter colored layer 
where lime has accumulated. Depth to this lighter colored 
layer is 14 to 22 inches. 

Areas mapped as this soil include areas of the Svea, 
Hamerly, and Buse soils. Mapping the included soils 
separately is not feasible, because the areas are too small. 

Permeability is moderate in the subsoil and slow in the 
substratum. This soil has good available moisture capac- 
ity and a moderate content of organic matter. In general, 
it is only slightly susceptible to erosion by wind and water. 
On. the crests of knolls where fields have been plowed in 
fall, however, this soil is moderately susceptible to wind 
erosion when it is not protected by a cover of snow. The 
hazard of water erosion is greatest in the early part of the 
growing season, when crops have not grown enough to 
provide a good cover. 

This soil is well suited to cultivation. Under good 
management good yields of wheat, barley, oats, flax, corn, 
and hay are obtained. (Capability unit ITe-8) 

Barnes-Buse loams, rolling (5 to 8 percent slopes) 
(BbC).—In this complex the Barnes soil is dominant but 
the Buse soil occupies 20 to 40 percent of the acreage. The 
soils are on the sides of shallow drainageways and on 
knolls. The Barnes soil is in lower areas than the Buse 
soil, which is on the crests of the knolls and on the 
shoulders of the side slopes. In many places where the 
Buse soil is on the crest of a cultivated knoll, it is lighter 
colored than the surrounding areas. This is because in 
places the subsoil has been exposed as a result of erosion 
or part of the subsoil has been. mixed with the surface layer 
by tillage. 

The Barnes soil has a black loam surface layer 4 to 7 
inches thick. The Buse soil has ‘a black to dark grayish- 
brown surface layer and a light brownish-gray subsoil. 
Both the surface layer and subsoil are loam. 

Both the Barnes and Buse soils have a moderately 
permeable subsoil and a slowly permeable substratum, and 
they have good available moisture capacity. The content 
of organic matter is moderate in the Barnes soil. It is low 
in the Buse soil, and the supply of available phosphorus 
and nitrogen are also low in that soil. The Barnes soil is 
moderately susceptible to water erosion. The Buse soil is 
moderately susceptible to both wind and water erosion 
because of its low content of organic matter, weak struc- 
ture, and location on the knolls. Water erosion is most 
likely to occur in spring before crops have grown enough 
to provide a good cover. 

These soils are suited to wheat, barley, oats, and hay, 
and most areas are cultivated. The soils are not well 
snited to corn, because of the hazard of water erosion if 
tilled crops are grown. (Capability unit ITTe-5) 

Barnes-Buse loams, strongly rolling (8 to 12 percent 
slopes) (BbD)-—The soils in this complex are on the side 
slopes of stream valleys that are entrenched in the tall plain. 
The Barnes soil is about halfway down the side slopes. Ii 
is below the Buse soil, which is on the crests and on the 


14 SOIL 


upper part of the slopes. The acreage of this unit is about 
evenly divided between these two soils. 

The profile of the Barnes soil is like the one described 
for the Barnes series, but the surface layer and subsoil are 
slightly thinner and the layer of lime accumulation is 
nearer the surface. The surface layer is black, very friable 
loam 4: to 6 inches thick. ‘The subsoil is very dark grayish- 
brown, friable loam that has prismatic structure. Depth 
to the layer where lime has accumulated is less than in the 
other Barnes soils. The surface layer of the Buse soil is 
black to grayish-brown, friable loam. 

The soils of this complex have a moderately permeable 
subsoil and a slowly permeable substratum. Available 
moisture capacity is good. The Barnes soil is moderate 
and the Buse soil is low in content of organic matter. 
These soils are highly susceptible to water erosion. 

Because of the hazard of erosion, these soils are better 
suited to pasture than to cultivated crops. Most areas are 
used for grazing, but a few areas are cultivated. If these 
soils are cultivated, the best suited crops are wheat, barley, 
and hay. The soils are poorly suited to corn because of the 
hazard of water erosion. (Capability unit [Ve-5) 

Barnes-Svea loams, undulating (2 to 5 percent slopes) 
{8d8).—In this complex the Barnes soil is in gently sloping, 
convex areas on the sides and crests of low knolls. The 
Svea soil is betaveen the knolls or in concave areas on side 
slopes below the Barnes soil. The Barnes soil makes up 
60 to 75 percent of this complex, and the Svea soil makes 
up 15 to 80 percent. 

The surface layer of the Barnes soil is black, very friable 
loam. that is 6 to 8 inches thick and has moderate crumb 
structure. The surface layer of the Svea soil is black, very 
friable loam 8 to 20 inches thick, and the subsoil is very dark 
grayish-brown, friwble loam to light clay loam. 

Included in areas mapped as this complex are areas of 
Hamerly soils adjacent to small, shallow depressions, Also 
included are areas of Tetonka soils in the depressions, and 
some smaller areas of Tetonka soils that are indicated on 
the map by the-symbol used for depressions. Other in- 
clusions are areas of Buse soils that are on the crests of the 
knolls and ave less than 1 acre in size. 

These Barnes and Svea soils have a moderately perme- 
able subsoil and a slowly permeable substratum. The 
Barnes soil ig moderate and the Svea soil is high in content 
of organic matter. These soils are slightly susceptible to 
wind erosion and water erosion; the hazard of erosion is 
greatest early in the growing season. 

These soils are well suited to cultivation. 
wheat, barley, oats, corn, and hay are good. 
unit [Te-3) 


Yields of 
(Capability 


Bearden Series 


The Bearden series is made up of moderately well 
drained or somewhat poorly drained soils developed im sedi- 
ments of silt loam to silty clay loam deposited in glacial 
lakes. These soils are nearly level. In most years the 
water table is less than 5 feet fromthe surface. The native 
vegetation was tall grasses. 

The surface layer is black, moderately alkaline and cal- 
careous silt loam to silty clay loam 8 to 14 inchesthick. It 
has moderate, fine, granular structure. The surface layer 
is very friable or friable when moist and is slightly sticky 
and slightly plastic when wet. In places wedge-shaped 
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tongues of soil material from the surface layer extend 
downward as much as 10 inches into the subsoil. 

The subsoil is grayish-brown to light-gray silt loam to 
silty clay loam that is 10 to 20 inches thick and contains an 
accumulation of lime. It has weak, coarse, prismatic and 
weak blocky structure and is hard when dry, friable when 
moist, and sticky and plastic when wet. The subsoil is 
moderately alkaline and is slightly saline in places. 

The substratum is light olive-brown to light yellowish- 
brown silt loam or silty clay loam that is moderately alka- 
line and slightly saline. In the lower part of the substra- 
tum are many, distinct, light-gray and olive-brown mottles. 

The Bearden soils are good for farming. The are used 
mainly for field crops. 

Bearden silt loam (0 to 2 peveent slopes) (Be)-—This 
soil is most extensive in nearly level aveas of the lake plain. 
The surface layer is black, calcareous, very friable silt 
loam 8 to 14 inches thick. The subsoil is grayish-brown 
to light-gray, strongly calcareous, friable silty clay loam. 
The substratum is olive-brown, calcareous siliy clay loam. 

Permeability is moderate in the subsoil and slow in the 
substratum. The available moisture capacity is good. 
The content of organic matter is moderate to high. In 
many years the water table is less than 5 feet from the 
surface early in the growing season. Surface drainage is 
slow, and surface drains are needed if excess water from 
snowmelt and heavy rains is to be removed. This soil is 
moderately susceptible to wind: erosion, especinlly in areas 
where part of the light-colored subsoil has been brought 
to the surface by tillage. Crops grown in these areas 
may show signs of yellowing early in the growing season. 

Generally, this soil is well suited to cultivation, and 
nearly all areas are cultivated. Corn, wheat, barley, oats, 
flax, and hay are the crops commonly grown, and yields 
are high. (Capability unit [le-1) 

Bearden silty clay loam (0 to 2 percent slopes) (8f).— 
This soil is most extensive on the nearly level lake plain. 
Its subsoil is moderately permeable, and its substratum is 
slowly permeable. The content of organic matter is mod- 
erate. In many years the water table is within 5 feet of 
the surface early in the growing season. Surface drain- 
age is slow, and surface drains are needed to remove the 
excess water from snowmelt and heavy rains. 

In some places part of the light-colored subsoil has been 
brought to the surface by tillage. In those areas this soil 
is moderately susceptible to wind erosion. It is also low 
in content of organic matter. Crops grown in those areas 
are likely to show signs of yellowing early in the growing 
season. 

This soil is well suited to cultivation, and nearly all of 
the acreage is cultivated. Yields of wheat, flax, barley, 
corn, and hay are high. (Capability unit ITe-1) 

Bearden soils, saline (0 to 2 percent slopes) (Bg).— 
These soils are in nearly level areas of the lake plain along 
the eastern margin of the beach area. They havea surface 
layer of silt loam or silty clay loam, and their surface layer 
and subsoil contain soluble salts. Included m the areas 
mapped as these soils are areas of saline Glyndon soils that 
are smaller than 3 acres in size. 

Permeability is moderate in the subsoil and slow in the 
substratum. ‘These soils have good available moisture 
capacity. The content of organic matter is moderate. 
The water table is high for longer periods than in the 
other Bearden soils. 
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These soils are suited to cultivation, but crop yields are 
reduced by salinity. The best suited crops are wheat, 
barley, flax, and hay. Corn is poorly suited. (Capabil- 
ity unit TIIs-6) 

Bearden-Overly silt loams (0 to 2 percent slopes) 
(Bh).—These soils are on the lake plain. The Bearden soil 
is on slight rises in areas 1 to 2 feet higher than those 
occupied by the Overly soil. The proportions of Bearden 
and Overly soils vary in different areas, but each of these 
soils makes up at least 80 percent of every area. 

When these soils are moist, the surface layer of the 
Bearden soil is a black, very friable, calcareous silt, loam. 
The Bearden soil has a subsoil of grayish-brown, friable, 
strongly calcareous silty clay loam. ‘The surface layer of 
the Overly soil is also a black, very friable silt loam. The 
subsoil is dark grayish-brown, friable silty clay loam. 
After these Bearden and Overly soils have been cultivated 
and have dried, the areas have a patchy appearance be- 
cause the Bearden soil dries to a lighter color than the 
Overly. Included are areas of Perella silty clay loam less 
than 1 acre in size. 

The soils of this complex have a moderately permeable 
subsoil and a slowly permeable substratum. The content 
of organic matter is moderate in the Bearden soil and high 
in the Overly, but both soils have good available moisture 
capacity. In many years the Bearden soil has a water 
table at a-depth of Jess than 5 feet early in the growing 
season. These soils are moderately susceptible to wind 
erosion in areas where part of the Bearden subsoil has 
been mixed with the surface layer. 

These soils are well suited to cultivation. Yields of 
wheat, barley, oats, flax, corn, and hay are high. 
(Capability unit ITe~1) 


Borup Series 


In the Borup series are poorly drained soils developed in 
sediments of very fine sandy loam to silt loam deposited in 
lacial lakes. These soils are in shallow depressions and 
in low, nearly level areas. Generally, the water table is 
within 8 feet of the surface during most of the growing 
season, but it is at or near the surface in wet years. The 
native vegetation was tall grasses, sedges, and rushes. 

The surface layer is black, mildly to moderately alkaline 
and calcareous silt loam to very fine sandy loam 8 to 20 
inches thick. It has fine granular structure and is very 
friable when moist and slightly sticky and slightly plastic 
when wet. 

The subsoil is dark-gray to gray, strongly calcareous, 
moderately alkaline silt loam to very fine sandy loam 10 to 
24. inches thick. It has weak blocky and granular struc- 
ture and is hard when dry, friable when moist, and slightly 
sticky and slightly plastic when wet. A few large, white 
segregations of lime are in the lower part. 

The substratum is olive, moderately alkaline silt loam to 
fine sand that has many light olive-brown and dark yellow- 
ish-brown mottles. The texture is coarser with increasing 
depth. 

‘The Borup soils are finer textured than the Hecla and 
EEmbden. soils, and their subsoil is gray and calcareous 
instead of very dark grayish brown and free of lime. 
The substratum of the Borup soils is more mottled and has 
duller hues than that of the Glyndon soils. The Borup 
soils are more poorly drained and have a more strongly 


mottled substratum than the Ulen soils. They lack the 
very dark grayish-brown, noncalcareous subsoil that is 
typical in the Gardena and Eckman soils. 

The Borup soils are used mainly for pasture or hay. 
The drained areas, however, are used to grow field crops. 
Also, some undrained areas Jn fields of better drained soils 
are used intermittently for field crops. 

Borup silt loam (0 to 2 percent slopes) (Bo).—This soil 
is in low, nearly level areas and in shallow depressions, 
mostly on the Sheyenne Delta. The surface layer is black, 
calcareous, very friable silt loam 8 to 18 inches thick. 
The subsoil is dark-gray, strongly calcareous, friable silt 
loam, and the substratum is olive to pale-yellow fine sand. 
Included in the areas mapped as this soil are areas of 
Glyndon and Ulen soils that are less than 1 acre in size. 

This Borup soil is moderately permeable and has good 
available moisture capacity. The content of organic 
matter is high. In most years the water table is less than 
3 feet from the surface during much of the growing season, 
but it is at or near the surface in wet years. In some places 
part of the subsoil has been brought to the surface by 
tillage. Crops grown in those areas are likely to show 
signs of yellowing early in the growing season. 

Most areas of this soil are in pasture or are used to grow 
hay. This soil is well suited to pasture and hay, and high 
yields of forage are obtained. Undrained areas of this 
soil are poorly suited to corn and legumes. If surface 
drains can be estublished, this soil is also suitable for culti- 
vation, and corn, wheat, oats, barley, flax, and hay can be 
grown, Some undrained areas are cultivated, but farming 
practices and choice of crops depend upon the wetness of 
the season. (Capability unit ITw—2) 

Borup silt loam, very wet (8p).—This soil is in the 
ceeper depressions on the Sheyenne Delta. In most years 
it has water ponded on the surface early in the growing 
season and is wet at or near the surface until late in sum- 
mer. This soil has moderate permeability and good 
available moisture capacity. 

Nearly all areas of this soil are grazed or used for grow- 
ing hay. The soil is also well suited to field crops if 
surface drainage is established. (Capability unit IIIw-2) 


Buse Series 


The Buse series consists of excessively drained soils 
developed in friable, calcareous loam glacial till. These 
soils are in convex areas where the slopes are between 5 and 
80 percent. They are on knolls and hills and on the sides 
of stveam valleys. The native vegetation was mainly mid 
and short grasses. 

The surface layer is black loam 4 to 8 inches thick. It 
has fine crumb and granular structure and is friable when 
moist and slightly sticky and slightly plastic when wet. 
In most places the surface layer is slightly calcareous and 
moderately alkaline. Cobbles and stones are common on 
the surface. 

The subsoil is dark grayish-brown, calcareous and 
moderately alkaline loam, 6 to 20 inches thick. It has 
weak prismatic and blocky structure and is hard when dry, 
friable when moist, and slightly sticky when wet. In most 
places the subsoil contains some additional lime that has 
moved downward from the surface layer, which is partly 
leached. 
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Underlying the subsoil is the substratum of moderately 
alkaline and calcareous, pale-olive loam. The substratum 
contains enough soluble salts to be slightly to moderately 
saline. 

In cultivated areas the surface layer is dark brown to 
grayish brown. There are vaviable amounts of pebbles, 
cobbles, and stones throughout the profile. 

The Buse soils lack the very dark grayish-brown subsoil 
that is typical of the Barnes and Svea soils, and they have 
a thinner surface layer than the Svea soils. Their subsoil 
contains less lime than that of the Hamerly soils, and their 
substratum has fewer mottles than the Hamerly sub- 
stratum. Unlike the Zell soils, the Buse soils developed in 
glacial till in which there is a random distribution of 
pebbles and cobbles. 

The steeper areas of Buse soils are used for pasture. 
Many of the more gently sloping areas are cultivated along 
with adjacent soils. 

Buse loam, hilly (12 to 80 percent slopes) (BuD)—This 
soil is on the crests and on the steep, upper side slopes of 
stream valleys in the till plain. It is most extensive in the 
valleys of the more deeply entrenched streams. The sur- 
face layer is black, very friable loam 4 to 8 inches thick. 
It has fine crumb and granular structure and is slightly 
calcareous in most places. The subsoil is dark grayish- 
brown, calcareous loam that has weak to moderate blocky 
structure. The substratum is olive, calcareous loam. 

Permeability is moderate in the subsoil and slow in the 
substratum. ‘The available moisture capacity is good, but 
this soil is somewhat droughty because runoff is excessive, 
If it is cultivated, this soil is highly susceptible to water 
erosion. The content of organic matter is low. 

This soil is better suited to pasture than to cultivated 
crops. Most of it is grazed. (Capability unit VIe—2) 


Dimmick Series 


In the Dimmick series are very poorly drained soils 
developed in clayey sediments deposited in glacial lakes, 
These soils are in shallow depressions and in swales. The 
native vegetation was sedges, rushes, and grasses. 

The surface layer is black, neutral clay 10 to 20 inches 
thick. Jt has strong, fine, granular and blocky structure 
and is hard when dry, firm when moist, and sticky and 
plastic when wet. 

The subsoil is weakly defined and grades from the sur- 
face layer to the substratum. It is very dark gray to 
clive-gray, weakly calcareous and moderately alkaline 
clay, 24 to 86 inches thick. This subsoil has strong, fine, 
blocky structure and is hard when dry, very firm when 
moist, and very sticky and very plastic when. wet. 

The subsoil grades to a substratum of olive-gray, moder- 
ately alkaline clay that has common, distinct, dark-brown 
and brown mottles. ‘This substratum is structureless and 
is hard when dry, very firm when moist, and very sticky 
and very plastic when wet. Segregations of gypsum 
crystals are common. 

The Dimmick soils have a thicker surface layer than the 
Fargo soils, and they ‘lack the wedge-shaped tongues of 
black soil material that extend downward from the surface 
layer into the substratum, Unlike the Perella soils, the 
Dimmick soils have a subsoil and substratum of clay 
instead of silty clay loam. 


The areas of Dimmick soils that have been drained are 
used for field crops. The areas that have not been drained 
are grazed or used for growing hay. 

‘Dimmick clay (° to 2 percent slopes) (Dc].—This is the 
only Dimmick soil mapped in this survey area, It is in 
shallow depressions on the lake plain. ‘The surface layer 
is black clay 12 to 20 inches thick. It has strong, fine, 
blocky and granular structure and is firm when moist and 
very sticky when wet. .The subsoil is very dark gray clay 
that is very firm when moist and sticky when wet. 

This soil has very slow permeability and is very poorly 
drained. In many years it has water ponded on the surface 
until midsummer. The available moisture capacity is 
good, The content of organic matter is high. 

This soil is suitable for cultivation, but surface drains 
are needed for removing excess water. Only in dry seasons 
can crops be grown in areas that have not been drained. 
(Capability unit IITw-2) 


Divide Series 


In the Divide series are soils that are moderately deep 
and moderately well drained or somewhat poorly drained. 
These soils developed in loam glacial lake sediments un- 
derlain by gravel and gravelly coarse sand. The native 
vegetation was tall and mid grasses. 

The surface layer is black, moderately alkaline and 
slightly calcareous loam. It has moderate, fine, granular 
structure and is very friable when moist and slightly sticky 
and slightly plastic when wet. The surface layer is 10 to 
17 inches thick. 

The subsoil is dark grayish-brown sandy loam or loam 
5 to 15 inches thick. It is strongly calcareous and moder- 
ately alkaline, contains pebbles that are coated with hme, 
and contains white and light-gray segregations of lime. It 
has weak, prismatic and blocky structure and is very friable 
when moist and slightly sticky and slightly plastic when 
wet. 

The substratum is gravel and gravelly coarse sand that 
is strongly calcareous in the upper part. The gravel is 
more than 5 feet thick in most places. Yn most years the 
water table reaches the top of the gravel. 

Varying amounts of rounded pebbles are in the surface 
layer and subsoil. Depth to gravel and coarse sand ranges 
from 20 to 36 inches. 

Divide soils occur with the Spottswood, Fordville, Ren- 
shaw, and Sioux soils. They have a thinner surface layer 
than the Spottswood soils. Unlike the Fordville, Ren- 
shaw, and Spottswood soils, the Divide soils are calcareous 
below the surface layer. The Divide soils are thicker over 
a gravelly substratum than the Sioux soils, and their sur- 
face layer is underlain by loamy soil material rather than 
by coarse sand and gravel. Divide soils are distinguished 
from the Glyndon and Hamerly soils by the gravelly sub- 
stratum that is lacking in the Glyndon and Hamerly soils. 

Most areas of Divide soils are used for crops. 

Divide loam (0 to 2 percent slopes) (Dv)—This is the 
only Divide soil mapped in the survey area. It is on the 
lower side of the beach ridges and receives moisture from 
seepage. The surface layer is black, calcareous loam 8 to 
17 ches thick. Tt has fine granular structure and is very 
friable. The subsoil is dark-gray, strongly calcareous loam 
that has weak prismatic and blocky structure. A sub- 


TRI-COUNTY AREA, NORTH DAKOTA 17 


stratum of coarse sand and gravel is at a depth of 20 to 36 
inches. 

This soil has a moderately permeable subsoil and a rap- 
idly permeable substratum. It has good to fair available 
moisture capacity. The content of organic matter is mod- 
erate. In most years the water table is less than 5 feet from 
the surface during the early part of the growing season. 

In some places tillage has mixed part of the lighter col- 
ored subsoil with the black soil material in the surface 
layer. In those areas this soil is moderately susceptible to 
wind erosion. Crops grown in these light-colored areas 
show signs of yellowing early in the growing season. 

This soil is suitable for cultivation. Wheat, barley, oats, 
flax, corn, and hay are commonly grown, and yields are 
fair. (Capability unit ITIs—4) 


Eckman Series 


The Eckman series consists of deep, well-drained soils 
developed in loam sediments deposited by glacial lakes, 
These soils are nearly level to- rolling and have convex 
relief, The native vegetation was mid and tall grasses. 

The surface layer is black, slightly acid or neutral loam 
5 to 8 inches thick. It has moderate crumb structure and 
is very friable when moist and slightly sticky and slightly 
plastic when wet. 

The subsoil is very dark grayish-brown very fine sandy 
loam to silt loam 10 to 20 inches thick. It has weak to 
moderate, coarse, prismatic structure that in places breaks 
easily to weak blocky structure. In those places there are 
faint patches of clay films on the surfaces of the prisms. 
The subsoil is friable when moist and slightly sticky and 
slightly plastic when wet. Generally it is neutral. 

Below the subsoil is a moderately alkaline, strongly cal- 
careous layer of lime accumulation. This layer is light 
olive-brown to grayish-brown very fine sandy loam to loam 
and is 6 to 14 inches thick. It has weak blocky structure 
and is friable when moist and slightly sticky when wet. 

The layer of lime accumulation grades to a layer of light 
olive-brown, calcareous loam to fine sandy loam. Loamy 
fine sand occurs in a few areas ata depth of 36 to 60 inches. 
In an area on the western edge of the Sheyenne Delta, these 
soils are underlain by friable loam glacial till at a depth 
of 24 to 36 inches. 

Generally, these soils have a loam texture throughout 
their profile, but the surface layer is silt loam in some areas. 
The color of the subsoil grades from very dark grayish 
brown in the upper part to light olive brown in the lower 
part. In some places the lower part of the subsoil is 
mildly alkaline. Below the subsoil the soil material is 
commonly coarser textured with increasing depth. 

The Eckman soils have a thinner surface layer than the 
Gardena soils and less mottling in their subsoil and sub- 
stratum, They have a clearly expressed subsoil unlike 
that of the Zell soils. The Eckman soils developed in 
pebble-free, water-sorted material instead of im glacial 
till like that in which the Barnes soils developed. They 
have a substratum that lacks the gravel and coarse sand 
typical in the substratum of the Renshaw and Fordville 
soils. The Eckman soils developed in loam instead of in 
fine sandy loam like the Egeland soils. Their subsoil 
is leached of lime instead of being limy like that of the 
Glyndon soils. 


Eckman loam, nearly level (0 to 2 percent slopes) 
{EcA},—This soi] is in the higher, nearly level parts of the 
beach area, on the Sheyenne Delta, and near the valleys of 
entrenched streams. ‘The surface layer is black, very fria- 
ble loam that has fine crumb structure and is 5 to 8 inches 
thick. The subsoil is dark grayish-brown, friable silt 
loam that has moderate prismatic and weak blocky struc- 
ture. It is underlain by light olive-brown, strongly 
calcareous, very friable very fine sandy loam. The sub- 
stratum is light olive-brown very fine sandy loam to fine 
sandy loam. Included in the areas mapped as this soil 
are areas of Overly and Gardena soils that are less than 
2 acres In size. 

This Eckman soil is moderately permeable. It has good 
available moisture capacity. The content of organic 
matter is moderate. 

This soil is well suited to cultivation, and nearly all 
areas are used for crops. Yields of wheat, barley, oats, 
corn, flax, and hay are good. (Capability unit ITe-2) 

Eckman loam, undulating (2 to 5 percent slopes) 
(EcB)—This soil is in areas of smooth slopes and convex 
relief. It has a profile similar to the one described for the 
series, except that it has a slightly thinner surface layer 


‘and subsoil] and is shallower over the layer of lime 


accumulation. 

This soil is moderately permeable and has good avail- 
able moisture capacity, It contains a moderate amount of 
organic matter. The soil is slightly susceptible to water 
erosion, especially early in spring before the crops have 
grown enough to provide a ground cover adequate for 
protection. 

Most areas are cultivated, and the main crops are wheat, 
barley, flax, oats, corn, and hay. Yields are slightly 
lower than on the nearly level Eckman loam. (Capability 
unit [Te-3) 

Eckman loam, rolling (5 to 8 percent slopes) (EcC).— 
This soil is in small, narrow areas on the side slopes of 
shallow stream valleys. It is in the beach area and on the 
Sheyenne Delta. The surface layer is black, very friable 
loam that has fine erumb structure and is about 6 inches 
thick. The subsoil is dark grayish-brown, friable loam 
that has weak prismatic and blocky structure. This soil is 
shallower over a layer of lime accumulation than Eckman 
loam, nearly level, and Eckman loam, undulating. 

Permeability is moderate in both the subsoil and sub- 
stratum, and the available moisture capacity is good. The 
content of organic matter is moderate. This soil is mod- 
erately susceptible to water erosion if it is cultivated. 

This soil is suitable for cultivation. Nearly all areas are 
used for crops, but yields are low. The crops are mainly 
wheat, barley, oats, flax, corn, and hay, This soil is poorly 
suited to corn because of the hazard of water erosion. In 
most places contour stripcropping is not feasible, because 
this soil has irregular slopes and is in areas of limited size. 
(Capability unit ITTe-5) 

Eckman loam, till substratum, undulating (2 to 5 
percent slopes) (Eg8).—This soil is most extensive in the 
southwestern corner of the survey area, near the boundary 
of the Sheyenne Delta and the till plain. Its surface layer 
and subsoil are slightly thinner than typical for the Eck- 
man series, and the layer of lime accumulation is nearer the 
surface. Depth to the substratum of friable glacial till is 
24: to 36 inches. 
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This soil is moderately permeable and has good available 
moisture capacity. The content of organic matter is mod- 
erate. If this soil is cultivated, it is shghtly susceptible to 
water erosion, especially early in spring. 

Most areas of this soil are cultivated. Fair yields of 
wheat, barley, flax, corn, and hay are obtained. (Capa- 
bility unit Tle-3) 


Egeland Series 


In the Egeland series are deep, well-drained soils that 
developed m moderately coarse textured sediments de- 
posited in glacial Jakes. Mid and tall grasses were the 
dominant native vegetation. 

The surface layer is black, neutral fine sandy Joam that 
has weak crumb structure and is 6 to 10 inches thick. Tt is 
very friable when moist and slightly sticky when wet. 

The subsoil is very dark grayish-brown to dark-brown, 
neutral fine sandy loam that is 10 to 22 inches thick and has 
weak prismatic structure. Jt is very friable when moist 
and slightly sticky when wet. 

The subsoil grades to a substratum of dark-brown, 
grayish-brown, or yellowish-brown fine sandy loam to fine 
sand. In places a light olive-brown, moderately calcareous 
layer of lime accumulation is just below the subsoil. 

The Egeland soils have a subsoil of fine sandy loam in- 
stead of one of Joamy fine sand like that of the Maddock 
soils. They have a thinner surface layer and less mottling 
below the subsoil than the EXmbden soils. The surface 
layer and subsoil of the Egeland soils are fine sandy loam 
instead of loam like those of the Eckman soils. ‘The Ege- 
land soils lack the calcareous subsoil that is typical of the 
Ulen soils, and their subsoil and substratum lack mottling 
instead of being mottled like those of the Tiffany soils. 

Most areas of the Egeland soils are used for crops. 

Egeland fine sandy loam, nearly level (0 to 2 percent 
slopes) (EnA).—This soil is in slightly higher areas than 
adjacent soils. It is on terraces adjacent to stream valleys 
that ave entrenched in beach and delta sediments. The 
surface Inyer is black, very friable fine sandy loam 6 to 10 
inches thick. The subsoil is very dark grayish-brown fine 
sandy loam. Included in the areas mapped as this soil are 
areas of Maddock and Embden soils that are too small to 
be mapped separately. 

Permeability is moderately rapid, and available moisture 
capacity is low. The content of organic matter is mod- 
erate. ‘This soil is highly susceptible to wind erosion. 

This soil is suitable for cultivation, and most areas are 
used for crops. The crops commonly grown are wheat, 
barley, corn, oats, and hay. Yields are low to fair. In 
cultivated areas it is necessary to use practices that help to 
control wind erosion. (Capability unit IIIe-1) 

Egeland fine sandy loam, undulating (2 to 5 pereent 
slopes) (EnB).—This soil is in small areas on the Sheyenne 
Delta and in the beach area, mainly on the side slopes of 
shallow drainageways. Its profile is similar to the one 
described for the series, except that the surface layer is 
6 to 8 inches thick. Included in the areas mapped as 
this soil are aveas of Maddock fine sandy loam that are 
smaller than 3 acres. 

Permeability is moderately rapid, and available moisture 
capacity islow. ‘The content of organic matter is moderate 
tolow. This soil is highly susceptible to wind erosion if it 
is cultivated. 


Most areas of this soil are cultivatec. Wheat, corn, bar- 
ley, oats, and hay are the crops commonly grown, and yields 
are low. Practices that hey to control wind erosion are 
necessary in the cultivated areas. (Capability unit'TITe-1) 


Embden Series 


The Embden series consists of deep, moderately well 
drained soils developed in moderately coarse textured secli- 
ments deposited in glacial lakes. These soils are in nearly 
level or slightly concave areas. The native vegetation was 
mainly tall grasses. 

The surface layer is black, neutral fine sandy loam or 
sandy loam that is 10 to 22 inches thick. It has weak 
crumb and blocky structure and is very friable when moist 
and slightly sticky when wet. 

The surface layer grades to a subsoil of very dark gray- 
ish-brown, neutral fine sandy loam that is 10 to 20 inches 
thick. The subsoil has weak blocky structure and is very 
friable when moist and slightly sticky when. wet. 

In most places the subsoil is underlain by a layer of 
olive-brown, moderately. alkaline fine sandy loam where 
lime has accumulated. This layer has a few prominent, 
reddish-brown and strong-brown mottles and is 6 to 20 
inches thick. It is very friable when moist and slightly 
sticky when. wet. 

Below this layer of lime accumulation, the substratum 
is olive-brown, slightly calcareous fine sandy loam to fine 
sand. It is mottled with reddish brown and dark reddish 
brown, and the number of mottles increases with increasing 
depth. Coarser textured soil material is below a depth of 
48 inches. 

The EEmbden soils occur with the Egeland, Ulen, Tif- 
fany, Gardena, Glyndon, and Hecla soils. They have a 
thicker surface layer and more mottles in the substratum 
than the Egeland soils, and a lime-free subsoil instead of a 
strongly calcareous one like the Ulen soils. Their subsoil 
lacks the mottling typical of the Tiffany subsoil. The 
profile of the Embden soils is moderately coarse textured 
instead of medium textured hke that of the Gardena and 
Glyndon soils. Their subsoil is finer textured that that of 
the Hecla soils. 

Nearly all areas of the Embden soils are used for crops. 

Embden fine sandy loam (0 to 5 percent slopes) (Eo).— 
This soil is most extensive on the Sheyenne Delta and in 
the northern part of the beach area. It is more extensive 
than any other soil in this survey area. In about 400 acres, 
the slopes are stronger than 2 percent; in the rest of the 
acreage, this soil is in nearly level or slightly concave 
areas (fig. 5). 

The surface layer is black, very friable fine sandy loam 
10 to 22 inches thick. The subsoil is very dark etayish- 
brown fine sandy loam. It is underlain by'a layer of olive- 
brown, moderately calcareous fine sandy loam where lime 
has accumulated. 

Included in the areas mapped as this soi] are smal] areas 
of Embden soils that have a substratum of loamy glacial 
till at a depth of about 36 inches. These areas are north 
of Township 139. Also included are areas of the Hecla, 
Glyndon, Ulen, and Gardena soils less than 2 acres in size. 

Permeability is moderately rapid. This soil has fair 
available water capacity and a moderate to high content 
of organic matter. In cultivated areas it is highly sus- 
ceptible to wind erosion, 
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Figure 5—A field where oats have been swathed. Embden fine 
sandy loam is in the foreground, and Egeland fine sandy loam is 
on the low ridges in the background. 


This soil is well suited to cultivation, and most areas are 
used for crops. Fair yields of wheat, corn, oats, barley, 
and hay are obtained, except in years of prolonged dry 
periods. (Capability unit TITe~1) 

Embden-Gardena complex (0 to 2 percent slopes) 
(Ep).—Generally, about 70 percent of this complex is Emb- 
den fine sandy loam and about 30 percent is Gardena loam, 
The proportions of each soil vary from place to place. 

The Embden soil has a profile like the one described for 
Embden fine sandy loam, except that its substratum is 
slowly permeable silty clay loam to silty clay and is at 
some depth between 36 and 60 inches. The Gardena soil 
has a surface layer of black, very friable loam 10 to 20 
inches thick and a subsoil of very dark grayish-brown, 
friable loam. A slowly permeable substratum is at a 
depth of 36 to 60 inches. 

Included in the areas mapped as these soils are areas of 
Hecla fine sandy loam. These areas are Jess than 3 acres 
in size. 

Permeability is moderately rapid above the slowly per- 
meable substratum of the Embden soil and moderate above 
the substratum of the Gardena soil. The available mois- 
ture capacity of the Embden soil is fair, and that of the 
Gardena soil is good. Both of these soils are moderate to 
high in content of organic matter. In cultivated areas 
the Embden soil is highly susceptible to wind erosion and 
the Gardena soil is moderately susceptible. 

Most areas of these soils are cultivated. Yields of crops 
grown on the Gardena soil are higher than those grown on 
the Embden soil. Yields of crops grown on the Embden 
soil decline sharply in years when there are prolonged dry 
periods. (Capability nit I1Te-1) 

Embden-Glyndon fine sandy loams (0 to 2 percent 
slopes) (€s|)—This complex consists of Embden and Glyn- 
don fine sandy loams so intricately mixed it was not prac- 
tical to map them separately. The proportions of either 
soil in any area ranges from 20 to 80 percent. The 
Embden soil has a profile similar to the one described for 
the series. The surface layer of the Glyndon soil is black, 
calcareous, very friable fine sandy loam 6 to 12 inches 
thick. Its underlain by a subsoil of light brownish-gray, 
strongly calcareous, friable loam. 

The Embden soil has moderately rapid permeability and 
fair available moisture capacity. The Glyndon soil has 


moderate permeability and good available moisture capac- 
ity. The water table is within 5 feet of the surface of the 
Glyndon soil in many years, but water is ponded on the 
surface during part of the growing season in very wet 
years. Surface drains are needed to remove this excess 
water. These Embden and Glyndon soils are highly sus- 
ceptible to wind erosion if they are cultivated. They have 
a moderate content of organic matter. 

Most of the acreage is cultivated. Wheat, corn, barley, 
oats, and hay are the crops commonly grown, and yields 
are good. During prolonged periods of dry weather, 
yields of crops grown on the Embden soil are lower than 
those grown on the Glyndon soil. (Capability unit 
TTTe-4) 

Embden and Hecla fine sandy loams ‘(0 to 2 percent 
slopes) (Et)—Thesa soils are most extensive in the beach 
area. The Embden soil has a black surface layer, and its 
surface layer and subsoil are fine sandy loam, The Hecla 
soil also has a black surface layer, but its surface layer and 
subsoil are loamy fine sand. Both soils are underlain by a 
substratum of slowly permeable silt loam to silty clay at 
some depth between 20 and 60 inches. Included in the 
areas mapped as these soils are areas of Ulen fine sandy 
loam that are less than 2 acres in size. 

Generally, permeability is moderately rapid, but it is 
slow in the substratum ofthese soils. The available mois- 
ture capacity is low. These soils are highly susceptible to 
wind erosion if they are cultivated. They have a mod- 
erate content of organic matter. 

Most areas of these soils are cultivated, and wheat, corn, 
oats, barley, and hay are the crops commonly grown. 
Yields are fair, except in years when there are prolonged 
periods of dry weather. (Capability unit IITe-3) 


Exline Series 


In the Exline series are poorly drained soils that are 
nearly level. These soils developed in medium-textured 
or moderately fine textured sediments deposited in glacial 
lakes. The native vegetation was mid and short grasses. 

The surface layer is black to very dark pray, mildly alka- 
line loam to silty clay loam that has weak crumb structure. 
It is generally very friable or friable when moist and 
slightly sticky or sticky when wet. In cultivated areas 
where part of the subsoil is mixed with the surface layer, 
however, the present surface layer is very hard when dry, 
very firm when moist, and very sticky and very plastic 
when wet. In most places the surface layer is less than 
4 inches thick, but the thickness ranges from 1 to 10 inches. 

A dark-gray subsurface layer of slightly acid or neutral 
silt loam to very fine sandy loam separates the surface 
layer and subsoil. This subsurface layer is less than 3 
inches thick. It has weak platy structure, is very friable 
when moist, and is slightly sticky when wet. 

The subsoil is very dark grayish-brown or grayish- 
brown to light olive-brown clay loam to silty clay that has 
strong, medium, columnar structure. The surfaces of the 
columnar aggregates are coated with prominent clay films. 
The subsoil is very hard when dry, very firm when moist, 
and very sticky and very plastic when wet. Itis strongly 
alkaline, and its lower part is moderately to strongly saline. 
Threadlike segregations of salts are between the columns, 
and clusters of salts are common inside the aggregates in 
the lower part of the subsoil. 
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Beneath the subsoil is grayish-brown and light olive- 
brown silt loam to silty clay mottled with light gray and 
light brownish gray in the lower part. This material is 
strongly alkaline and moderately to strongly saline. Seg- 
regations of gypsum and other salts are common. 

The Exline soils have columnar structure instead of 
compound prismatic and blocky structure like the Aber- 
deen soils, and their subsoil contains salts. They are finer 
textured than the Stirum soils, and they have a gray, 
leached subsurface layer. Also, their subsoil has more 
strongly developed columnar structure. Unlike the Fargo 
and. Overly soils, the Exline soils have a leached subsurface 
layer. They also have columnar structure in the subsoil, 
and their subsoil contains salts. 

The Eline soils are used mainly for pasture. Where 
they occur in complexes with the Fargo and Overly soils, 
however, they are cultivated. 

Exline complex (0 to 2 percent slopes) (Ex)—The soils 
of this complex are in the central part of Cass County. 
They occur in small, shallow depressions in a complex 
pattern with Fargo, Overly, and Gardena soils. ‘The sur- 
face layer of these Exline soils is black, very friable loam 
2toGinches thick. Their subsurface layer is gray and very 
friable, and it is 1 to 4 inches thick. The subsoil is very 
dark grayish-brown silty clay loam to silty clay that has 
strong columnar structure. Accumulations of soluble salts 
and gypsum are in the lower part of the subsoil and in the 
substratum. 

Permeability is very slow; only a few roots penetrate the 
dense claypan in the subsoil. The available moisture ca- 
pacity is low because of ‘the shallow depth of rooting. 
During periods of intense rainfall, the surface layer is sat- 
urated because drainage of water through the subsoil is 
very slow. 

The soils of this complex are mainly in pasture. The 
are poorly suited to cultivation. (Capability unit VIs-1 


Fairdale Series 


The Fairdale series consists of moderately well drained 
soils developed in recently deposited stream sediments. 
Thesé soils have a weakly developed profile. They are on 
natural levees and on the flood plains of streams where 
they receive fresh deposits of sediments during floods. 
The native vegetation was trees and grass. 

The surface layer is dark-gray to grayish-brown, slight- 
ly calcareous and moderately alkaline silt loam 8 to 8 
inches thick. It has weak crumb or granular structure. 
The surface layer is very friable when moist and slightly 
sticky when wet. 

The surface layer is underlain by light-colored to dark- 
colored layers of alluvium that range from silt loam to 
fine sand in texture; the texture is between a silt loam and 
fine sandy loam in most places, but loamy fine sand and fine 
sand are at a depth of more than 30 inches in a few places. 
This underlying material ranges from dark grayish brown 
to brown in color. It is moderately alkaline and calcareous 
and is very friable. In many places the profile contains 
the dark-colored former surface layer of a buried soil. 

The Fairdale soils occur with the La Prairie soils. They 
have a lighter colored surface layer than those soils, and 
their subsoil is calcareous instead of noncalcareous. 

The Fairdale soils are used for pasture and for field 
crops. 


Fairdale silt loam, levee (0 to 5 percent slopes) (Fa}.— 
This soil is on the low first bottoms of stream valleys and 
is most extensive along the Rush River. Shallow aban- 
doned. stream channels are common. in some areas. 

The surface layer is dark grayish-brown, very friable 
silt loam 4 to 7 inches thick. The subsoil and substratum 
consist of layered dark grayish-brown to pale-brown allu- 
vium that has-a texture of fine sandy loam to silt loam. In 
some places the profile contains the dark-colored former 
surface layer of a buried soil that has been covered by more 
recent deposits. 

This Fairdale soil has good available moisture capacity 
and moderate to moderately slow permeability. The con- 
tent of organic matter is moderate to low. 

Most areas of this soil are cultivated, but the shallow 
abandoned channels are often wet or ponded in some 
places. As a result, tillage is likely to be delayed in wet 
years if surface drainage has not been established. This 
soil is well suited to wheat, barley, oats, com, and hay. 
(Capability unit IIc-1) 


Fargo Series 


In the Fargo series are deep, poorly drained soils devel- 
oped in fine-textured sediments deposited in glacial lakes. 
These soils are in neatly level areas on the lake plain. The 
native vegetation was tall grasses. 

The surface layer is black, neutral or mildly alkaline silt 
loam to clay 10 to 20 inches thick. Where the surface layer 
is silt loam, it has medium crumb and granular structure 
and is very friable when moist and slightly sticky when 
wet. Where it is clay, it has fine blocky structure and is 
hard when dry, very firm when moist, and very sticky and 
very plastic when wet. 

The subsoil is olive-gray, neutral to moderately alkaline 
clay 10 to 20 inches thick. It is slightly caleareous in most 
places. The subsoil has strong, fine, blocky structure and 
is hard when dry, very firm when moist, and very sticky 
and very plastic when. wet. 

The subsoil grades to a substratum of olive-gray, cal- 
careous and moderately alkaline, slightly saline clay in 
which segregations of gypsum crystals are common. The 
lower part of the substratum is mottled with dark yellow- 
ish brown and dark brown. 

These soils shrink as they dry and expand as they be- 
come wet. During prolonged dry periods, the cracks in 
these soils are 1 to 3 inches wide at the surface. They 
taper downward to a depth of 36 inches m some places. 
Soil material from the black surface layer falls or is 
washed into these cracks and forms wedge-shaped tongues. 
The distance between the tongues varies widely, but an 
interval of 1 to 5 feet is common. 

The Fargo soils occur with the Overly, Bearden, Dim- 
mick, Aberdeen, and Exline soils. They are finer textured 
than the Overly and Bearden soils and have a thinner sur- 
face layer than the Dimmick soils. They lack the gray 
subsurface layer typical of the Aberdeen and Exline soils, 
and their subsoil has blocky structure instead of prismatic 
and columnar structure. 

Nearly all areas of the Fargo soils are used for crops. 

Fargo clay (0 to 2 percent slopes) (Fc)-—This soil is in 
nearly level areas on the lake plain. Slight differences in 
elevation are numerous in these areas, but they generally 
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do not exceed 12 inches. The surface layer is black, firm 
clay that has strong, fine, granular and blocky structure 
and is 10 to 20 inches thick. The subsoil is olive-gray clay 
that has strong, fine, blocky structure. Itis very firm when 
moist and very hard when dry, and the lower part is cal- 
careous. The substratum is similar to the subsoil, except 
that it 1s calcareous, has mottles, and contains segregations 
of gypsum crystals. 

This soil has very slow permeability. Surface drainage 
is slow, and surface drains are needed to remove the excess 
water from snowmelt or heavy rains. 

Because this soil is very hard when dry and very sticky 
when wet, it can be tilled only within a narrow range of 
moisture content. Fall plowing is necessary so that the 
tilth of the surface layer will be improved by the effects of 
freezing and thawing and of wetting and drying. When 
the soil is plowed in fall, it is generally in good condition 
for preparation of the seedbed in spring. Fall plowing, 
however, causes a hazard of wind erosion (fig. 6) during 
open winters and early in spring when the temperature 
fluctuates above and below freezing. The alternate freez- 
ing and thawing cause the surface soil to break down to-a 
mulch of fine, light-weight granules that are easily trans- 
ported by wind. This fine material can fill roadside 
ditches and other drainage ditches in a single day. Be- 
cause this soil is nearly level and its texture is uniform, 
the hazard of erosion is the same over an entire field. 

Most areas of this soil are cultivated. The soil is well 
suited to wheat, barley, oats, flax, corn, and hay, and yields 
are high. Where surface drainage has not been estab- 
lished, however, it is less well suited to corn than to close- 
growing crops, because wetness may delay or prevent culti- 
vation, (Capability unit IIw-1) 

Fargo silt loam (0 to 2 percent slopes) (Fg)—This soil 
is on the nearly level lake plain adjacent to the beach area. 
It developed in a thin mantle of silty sediments that were 
washed from the beaches and were deposited over clayey 
lake sediments. ‘The surface layer is 19 to 20 inches thick. 

Permeability is very slow in the subsoil and substratum, 
and available moisture capacity is good. Surface drains 
are needed to remove the excess water. Unlike Fargo 
clay, this soil can be tilled within a wide range of moisture 
content and it is only slightly susceptible to wind erosion. 


Figure 6.—Fargo clay plowed in fall and protected from wind 
erosion by leaving the surface trashy. The field windbreak in the 
background also protects this soil. 


Nearly all areas are cultivated. Yields of wheat, bar- 
ley, oats, flax, corn, and hay are high. - (Capability unit 
IIw-1 

Fargo silty clay loam (0 to 5 percent slopes) (Fh].— 
This soil is on the lake plain adjacent to the beach area in 
the central part of Cass County. The surface layer is 
black, friable silty clay loam that has moderate, fine, gran- 
wlar structure and is 10 to 20 inches thick. The subsoil 
and substratum are olive-gray very fine clay. 

Surface drains are needed to remove excess water.’ Per- 
meability is very slow in the subsoil and substratum. 
Available moisture capacity is good. 

This soil is used for crops. Wheat, barley, oats, flax, 
corn, and hay are the crops commonly grown, and yields 
arehigh. (Capability unit IIw-1) 

Fargo silty clay loam, saline (0 to 2 percent slopes) 
(Fk) —This soil occupies a small acreage adjacent to the 
eastern edge of the beach area. Its surface layer contains 
soluble salts as a result of seepage from the beach area. 

Surface drainage is needed to remove excess water. 
The control of seepage from the beach area may be made 
feasible by installing drains to intercept ground water 
that is moving laterally. 

Yields of crops grown on this soil are reduced by the 
salinity. Grasses and legumes are commonly grown and 
are more tolerant of salt than other crops. Rye, oats, bar- 
ley, and wheat are crops that have moderate to low toler- 
ance to salinity. This soil is poorly suited to corn and 
soybeans, which have low tolerance to soluble salts. 
(Capability unit IIIs-6) 

Fargo-Exline silty clay loams (0 to 2 percent slopes) 
(Fn}.—About 70 percent of this complex is Fargo silty clay 
loam, and about 30 percent is Exline silty clay loam. The 
Exline soil is in small areas, 20 to 50 feet across, and it 
occurs at random within areas of the Fargo soil. 

The Fargo soil in this complex has a profile similar to 
the one described for the Fargo series. The Exline soil 
has a thin surface layer of black, friable silty clay loam 
and a gray, very thin subsurface layer. Its subsoil is silty 
clay loam to silty clay that has strong columnar structure 
and is very firm when moist and very sticky when wet. 

Both the Fargo and Exline soils have a slowly per- 
meable subsoil and substratum. Available moisture ca- 
pacity is high in the Fargo soil and low in the Exline soil. 
Generally, the root zone in the Exline soil is restricted to 
the surface layer, but a few roots can penetrate the subsoil. 
In places where part of the Exline subsoil has been 
brought to the surface by tillage, the soil material dis- 
perses when wet and is very hard and crusts when dry. 
In those places tilth is poor and little, if any, growth of 
crops takes place. Because the Exline soil occurs within 
areas of the Fargo soil, the moisture content of the Exline 
soil largely determines the time of farming operations. 

Good yields of crops are obtained on the Fargo soil, and 
poor yields are obtained on the Exline soil. These soils 
are better suited to wheat, barley, oats, and hay than to 
other crops. They are poorly suited to corn because the 
Exline soil dries so slowly after rains that. cultivation is 
often delayed. (Capability unit IITs-2) 


Fordville Series 


The Fordville series consists of well-drained soils de- 
veloped in medium-textured to moderately coarse textured 
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glacial lake sediments. These soils are underlain by grav- 
el and coarse sand at a moderate depth. They are in 
nearly level or gently undulating areas on beach ridges and 
stream terraces. 

The surface layer is black, neutral or slightly acid loam 
to sandy loam 4 to 10 inches thick. It has granular struc- 
ture and is very friable when moist and slightly sticky 
when wet. 

The subsoil is very dark brown to very dark grayish- 
brown, neutral loam to sandy loam 12 to 20 inches thick. 
Tt has moderate prismatic and weak blocky structure and 
is very friable or friable when moist and slightly sticky 
when wet. 

Underlying the subsoil is a layer of dark grayish-brown, 
neutral coarse sandy loam to gravelly loam that is 4 to 8 
inches thick. Beneath this layer is stratified coarse sand 
and gravel that, is calcareous in the upper part. The under 
sides of the pebbles in the upper part of this material are 
heavily coated with lime. 

The thickness of the profile above the gravel and coarse 
sand ranges from 24 to 86 inches. Rounded pebbles oc- 
cur in all layers. 

The Fordville soils oceur with the Renshaw, Sioux, and 
Spottswood soils. They are deeper over gravel than. the 
Renshaw and Sioux soils. Unlike the Sioux soils, the 
Fordville soils have a subsoil. They have a thinner sur- 
face layer than the Spottswood soils. 

Most areas of the Fordville soils are cultivated. 

Fordville loam, nearly level (0 to 2 percent slopes) 
{WeA).—This soil is most extensive on the beach ridges and 
stream terraces near the Maple River. The surface layer 
is black, friable loam 4 to 10 inches thick. The subsoil is 
very dark grayish-brown, friable loam that has moderate 
prismatic structure. Gravelly coarse sand and gravel are 
at a depth of 20 to 36 inches. 

Included in the areas mapped as this soil are areas of 
Renshaw and Spottswood soils. These areas are smaller 
than 2 acres in size. 

This soil is somewhat droughty but has fair available 
moisture capacity. Permeability is moderate in the sub- 
soil and rapid in the substratum. The content of organic 
matter is moderate. 

Most areas of this soil are cultivated. Wheat, barley, 
oats, flax, corn, and hay are the crops commonly grown, 
and yieldsarelow. (Capability unit ITIs—1) 

Fordville loam, undulating (2 to 5 percent slopes) 
(WeB}.—This soil is on beach ridges and stream terraces. 
Tts surface layer is slightly thinner than the one in the pro- 
file described for Fordville loam, nearly level, or 4 to 8 
inches thick. 

This soil is somewhat droughty but has fair to good 
available moisture capacity. Permeability is moderate in 
the subsoil and rapid in the substratum. The content of 
organic matter is moderate. 

Most areas of this soil are cultivated. Wheat, barley, 
flax, oats, corn, and hay are the main crops grown. (Capa- 
bility unit IZTs-1) 

Fordville sandy loam, nearly level (0 to 2 percent 
slopes) (WsA).—This ‘soil is on. low beach ridges and in 
nearly level, adjacent interbeach areas. Its surface layer 
is black sandy loam. The subsoil is very dark brown loam 
that has moderate prismatic structure and breaks readily 
to weak blocky aggregates. Included in the areas mapped 
as this soil are small areas of Renshaw soils. 


This soil is somewhat droughty but has fair available 
moisture capacity. Permeability is moderate in the sub- 
soil and rapid in the substratum. The content of organic 
matter is moderate. If this soil is cultivated, it is highly 
susceptible to wind erosion. 

Most areas are cultivated. The crops commonly grown 
are wheat, barley, oats, corn, and hay. (Capability unit 
IYTe-6) 

Fordville sandy loam, undulating (2 to 5 percent 
slopes) (Ws8).—This soil has a slightly thinner surface 
layer than is typical for the series. It has fair available 
moisture capacity. Permeability is moderate in the sub- 
soil and rapid in the substratum. This soil is somewhat 
droughty and is highly susceptible to wind erosion if it is 
cultivated. The content of organic matter is moderate. 

This soil is used mostly for crops. Wheat, barley, corn, 
oats, and hay are the crops commonly grown, but yields are 
low. (Capability unit IITe-6) 


Fresh Water Marsh 


Fresh water marsh (Fw) is a miscellaneous land type in 
large, deep, closed depressions, mainly south and west of 
the town of Sheldon. The areas are covered by water most 
of the time, except during periods of prolonged drought. 
Cattails, sedges, and rushes grow along the margins where 
the water is shallow; in the center is open water. The 
underlying material is glacial till, local alluvium, and lake 
sediments that range from loamy fine sand to silt loam in 
texture. 

This land type supplies water for livestock. It is also 
used by migratory waterfowl. (Not placed in a capabil- 
ity unit) 


Gardena Series 


In the Gardena series are deep, moderately well drained 
soils developed in medium-textured sediments deposited 
im glacial lakes. These soils are in nearly level or slightly 
concave sloping areas, The native vegetation was mainly 
tall grasses. 

The surface layer is black, neutral or slightly acid loam 
or silt loam 10 to 20 inches thick. It has moderate crumb 
and granular structure and is very friable when moist and 
slightly sticky when wet. 

The subsoil is very dark grayish-brown very fine sandy 
loam to silt loam 6 to 16 inches thick. It has weak pris- 
matic and subangular blocky structure and is very friable 
when moist and slightly sticky when wet. The upper part 
is neutral, and the lower part is moderately alkaline. 

Underlying the subsoil is a layer of grayish-brown, 
moderately alkaline loam to fine sandy loam in which lime 
has accumulated. This layer has weak blocky structure 
and is friable when moist and slightly sticky when wet. 
Beneath this layer is light olive-brown, moderately alka- 
line and calcareous loam to fine sand that is mottled with 
light grayish brown below a depth of 386 inches, The 
coarser textured material is in the lower part, except in 
areas where glacial till or other contrasting material 
occurs. 

The Gardena soils have a medium-textured subsoil in- 
stead of a moderately coarse textured subsoil like that of 
the Embden soils. They are leached of lime to a greater 
depth than the Glyndon soils. The Gardena soils have a 
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thicker surface layer and more mottled underlying mate- 
rial than the Eckman soils. They are coarser textured 
than the Overly soils. The Gardena soils developed in 
water-sorted material that is free of pebbles, instead of in 
unsorted glacial till like the Svea soils. 

The Gardena soils ave highly productive. Most areas 
are used for crops. 

Gardena loam, very deep, nearly level (0 to 2 percent 
slopes) (GbA).—This soil is on the Sheyenne Delta and in 
the beach area. The surface layer is black, very friable 
loam that is 10 to 20 inches thick and has fine crumb and 
subangular blocky structure. The subsoil is very dark 
grayish-brown, friable silt loam that has prismatic struc- 
ture. It is underlain by a substratum of grayish-brown 
to light olive-brown, calcareous loam to fine sandy loam. 

This soil is moderately permeable and has good avail- 
able moisture capacity. It is high in content of organic 
matter. ‘The cultivated areas are only slightly susceptible 
to wind erosion. 

This soil is well suited to cultivation. Yields of wheat, 
barley, flax, corn, oats, and hay are high. (Capability 
unit ITce-1) 

Gardena loam, very deep, undulating (2 to 5 percent 
slopes) (GbB)—This soil is on the sides of shallow drain- 
ageways. Its surface layer is slightly thinner than the 
ae 2 the profile described for the series, or 10 to 16 inches 
thick. 

This soil is moderately permeable, hag good available 
water capacity, and is moderate to high in content of or- 
ganic matter. It is moderately susceptible to water 
erosion. 

This soil is productive, and nearly all the areas are cul- 
tivated. The main crops ave wheat, barley, oats, corn, 
fax, and hay. (Capability unit [Te-3) 

Gardena loam, deep, nearly level (0 to 2 percent 
slopes) (GcA).—This soil is mostly on the lake plain adja- 
cent to the beach area. Its surface layer is black, thick, 
very friable loam. Its subsoil is very dark grayish brown. 
Between a depth of 86 and 60 inches, the substratum is 
finer textured than that underlying the very deep Gar- 
dena Joams and has a texture of silt loam to silty clay loam. 
Areas mapped as this soil include areas of Embden and 
Glyndon soils that are smaller than 2 acres in size. 

The available moisture capacity is good. Permeability 
is moderate in the subsoil and slow in the substratum. The 
content of organic matter is high. 

This soil is highly productive and is well suited to 
cultivation. Wheat, barley, flax, corn, and hay are the 
crops commonly grown. (Capability unit IIe-1) 

Gardena loam, moderately shallow, nearly level (0 
to 2 percent slopes) (GdA).—This soil is on the lake plain. 
It developed in moderately deep loamy material that 
washed from the beach area and was deposited over finer 
textured lake sediments. The profile is similar to the one 
described for Gardena loam, deep, nearly level, except that 
a slowly permeable substratum is at some depth betsveen 
20 and 86 inches. The texture of the substratum ranges 
from silt loam to silty clay. 

Areas mapped as this soil include areas of Glyndon loam 
and Fargo silt loam. ‘These included areas are smaller 
than 2 acres in size. 

Permeability is moderate in the subsoil. It is slow in 
the substratum. The content of organic matter is high. 


This soil is used mainly for crops. Yields of wheat, bar- 
ley, ik oats, corn, and hay are high. (Capability unit 

c-1 

Gardena loam, moderately shallow, undulating (2 to 
5 percent slopes) [GdB}.—This soil is on low ridges on the 
lake plain. It has a slowly permeable substratum at some 
depth between 20 and 86 inches. The subsoil is moderately 
permeable. Available moisture capacity is good, and the 
content of organic matter is high. The soil is susceptible 
to water erosion. 

Wheat, corn, oats, barley, flax, and hay are grown on 
this soil. Yields are good. (Capability unit Te-3) 

Gardena loam, till substratum, nearly level (0 to 2 
percent slopes) (GeA)—This soil is most. extensive in the 
beach area in Cass County. It developed in lake sediments 
underlain by loam glacial till. Depth to the glacial till 
ranges from 24 to 60 inches. 

The surface layer is black, very friable loam 10 to 18 
inches thick. The subsoil is very dark grayish-brown 
loam that has prismatic structure. Generally, the tex- 
ture in the layer below the subsoil is loam to fine sandy 
loam, except that a thin layer of gravelly or cobbly sand 
or coarse sand occurs in most areas between the lake sedi- 
ments and the underlying glacial till. The underlying 
glacial till is grayish-brown to light brownish-gray, 
calcareous loam. 

Permeability is moderate in the subsoil and moderate 
to slow in the underlying glacial till. The available 
moisture capacity is good. 

Most areas of this soil are cultivated. Wheat, corn, oats, 
barley, flax, and hay are the crops commonly grown, and 
yieldsare high. (Capability unit ITe-1) 

Gardena-Eckman loams, till substratum, nearly level 
(0 to 2 percent slopes) (GfA).—The soils of this complex are 
in Ransom County in the southwestern part of the survey 
area. The Gardena soil is nearly level and is in concave 
areas. The Eckman soil is in slightly higher convex areas. 
The Gardena soil occupies 50 to 75 percent of the acreage 
in this complex, and the Eckman soil, 25 to 45 percent. 

The Gardena soil has a surface layer of black, very 
friable loam 10 to 18 inches thick, and the Eckman soul 
has a surface layer of black, very friable loam about 8 
inches thick. Both the Gardena and Eckman soils have 
a subsoil of very dark grayish-brown, friable ]oam that 
has prismatic structure. Depth to glacial till ranges from 
24. to 60 inches. 

Both the Gardena and Eckman soils have a moderately 
permeable subsoil. Their substratum is moderately to 
slowly permeable. The Gardena soil has a high content 
of organic matter, and the Eckman soil has a moderate 
content. 

The soils in this complex are used mainly for crops. 
Wheat, corn, flax, barley, oats, and hay are the crops 
commonly grown. (Capability unit ITe-1) 

Gardena-Glyndon loams, nearly level (0 to 2 percent 
slopes) (GgA).—Most areas of these soils are in the beach 
area and along the edge of the lake plain. The propor- 
tions of the Gardena and Glyndon soils vary in different 
areas, but each of these soils occupies at least 20 percent 
of every area of this complex. 

The Gardena soil has a surface layer of black, very 
friable Joam 10 to 20 inches thick and a subsoil of very 
dark grayish-brown, friable loam, The Glyndon soil has 
a surface layer of black, very friable, slightly calcareous 
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loam 8 to 15 inches thick and a subsoil of light-colored, 
strongly calcareous loam to very fine sandy loam. Both 
of these soils have a substratum of grayish-brown, friable, 
calcareous loam to fine sandy loam. 

Both the Gardena and Glndon soils have a moderately 
permeable subsoil and substratum. In. most years the 
Glyndon soil has a water table within 5 feet of the surface 
during the early part of the growing season. The content 
of organic matter is high in the Gardena soil and moderate 
in the Glyndon soil. 

The soils of this complex are used mainly for crops. 
Yields of wheat, corn, oats, barley, flax, and hay are high. 
(Capability unit Ifc-1) 

Gardena-Glyndon loams, till substratum, nearly level 
(0 to 2 percent slopes) {GkA).—The soils of this complex are 
in the beach area. They developed in lake sediments that 
are 24. to 60 inches thick over glacial till. The proportions 
of both the Gardena and Glyndon soils vary in different 
areas, but each of these soils occupies at least 20 percent of 
every area mapped as this complex. The profiles of the 
Gardena and Glyndon soils of this complex are similar 
to the profiles described for the Gardena and Glyndon 
soils, except that glacial till is at a depth of 24 to 60 inches. 

Permeability of the subsoil is moderate, and that of 
the substratum is moderately slow. In most years the 
water table is less than 5 feet from the surface of the 
Glyndon soil during the early part of the growing season. 

These soils are used for crops. Wheat, corn, barley, 
oats, and flax are the crops commonly grown, (Capability 
unit ITIc-1) 


Glyndon Series 


The Glyndon series consists of deep, moderately well 
drained or somewhat poorly drained, nearly level soils 
developed in medium-textured sediments deposited in 
glacial lakes. In most years the water table is within 5 
feet of the surface during the early part of the growing 
season. ‘Tall grasses were the dominant native vegetation. 

The surface layer is black, caleareous and mildly alka- 
line fine sandy loam to loam 6 to 16 inches thick. It has 
weak crumb and subangular blocky structure and is very 
friable when moist and slightly sticky when wet. 

The subsoil is a layer of light brownish-gray, moder- 
ately alkaline very fine sandy loam to silt loam where 
lime has accumulated. It has weak blocky structure and 
is friable when moist and slightly sticky when wet. It 
has a few prominent mottles. In places there is a gray 
transitional layer between the dark-colored surface layer 
and the light-colored subsoil. 

Beneath the subsoil is grayish-brown to dark yellowish- 
brown. loam to fine sand that is moderately alkaline and 
slightly saline. In most areas the texture of this material 
is loam or fine sandy loam. The lower part is the coarsest 
textured, except in areas underlain by glacial till or other 
contrasting material, 

The Glyndon soils occur with the Hamerly, Borup, 
Gardena, Embden, and Stirum soils. They developed in 
pebble-free, water-sorted material, instead of in unsorted 
glacial till like the Hamerly soils. The substratum of the 
Glyndon soils is brighter colored than that of the Borup 
soils, and it contains fewer mottles. The Glyndon soils 
lack the very dark grayish-brown, lime-free subsoil that 


is typical of the Gardena, Eckman, and Embden soils. 
They are finer textured than the Embden and Ulen soils. 

The Glyndon soils have a finer textured subsoil than 
the Stirum soils, and their subsoil has weak blocky strue- 
ture instead of weak, coarse, columnar structure like the 
Stirum subsoil. The Glyndon soils are coarser textured 
than the Bearden soils. 

Nearly all areas of these soils are used for crops. 

Glyndon loam, very deep, nearly level (0 to 2 percent 
slopes) (GmA).—This soil is in the northern part of Cass 
County, mainly in the beach area. It is in broad, shallow 
depressions and in nearly level areas. The surface layer 
is black, very friable, calcareous loam 6 to 16 inches thick. 
The subsoil is strongly calcareous loam or silt loam that 
is friable and has weak subangular blocky structure. The 
substratum is friable, calcareous loam to loamy fine sand. 

Permeability is moderate in the subsoil and substratum. 
The available moisture capacity is good, and this soil con- 
tains a moderate amount of organic matter. In many 
years the water table is less than 5 feet from the surface 
early im the growing season. In years of excessive rain- 
fall, it is near the surface during most of the growing 
season. At times, wetness delays seeding. Surface 
drainage is needed to remove the excess water. 

In some fields tillage has brought part of the light- 
colored subsoil to the surface. In those areas this soil has 
a patchy appearance because it is light colored in some 
places and dark colored in other places. In light-colored 
areas the surface layer is strongly calcareous and is low 
in content of organic matter. It also has weak structure 
and is moderately susceptible to wind erosion if cultivated. 
Crops grown in these areas show signs of yellowing as a 
result of poor aeration or a deficiency in plant nutrients. 

This Glyndon soil is used mostly for crops. Yields of 
wheat, barley, oats, flax, corn, and hay are high. (Ca- 
pability unit [Te-1) 

Glyndon loam, very deep, undulating (2 to 5 percent 
slopes) {GmB).—This soil is on the sides of shallow drain- 
ageways and on the lower side slopes of beach ridges. 
Its surface layer is thinner than the one in the profile 
described for Glyndon loam, very deep, nearly level, but 
is similar in other respects. Areas mapped as this soil 
include areas of Ulen fine sandy loam; Glyndon loam, till 
substratum; and Glyndon loam, moderately shallow, that 
are smaller than 2 acres in size. 

In some cultivated fields tillage has brought part of 
the light-colored subsoil to the surface. In those areas 
this soil has a patchy appearance because it is light colored 
in some places and dark colored in other places. In the 
light-colored areas, the surface layer has weak structure 
and is low in content of organic matter. Where these 
light-colored areas are cultivated, they are moderately 
susceptible to erosion by wind and water. 

In many years the water table is within 5 feet of the 
surface during the early part of the growing season. The 
high water table is caused by seepage from adjacent higher 
areas. In some years seeding is delayed by wetness. 

This soil is used mostly for crops. Wheat, barley, flax, 
oats, corn, and hay are the main crops grown. Early in 
the growing season, crops grown in the light-colored areas 
are likely to show signs of yellowing because of a. defici- 
ency in plant nutrients. (Capability unit ITe-1) 

Glyndon loam, deep, nearly level (0 to 2 percent 
slopes) [GnA)]_—This soil is mostly on the western edge of 
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the lake plain. It has a profile similar to the one described 
for Glyndon loam, very deep, nearly level, except that it 
has a slowly permeable substratum at a depth of 36 to 60 
inches. 

Some areas of this soil have a light-colored surface 
layer ‘because part of the subsoil has been brought to the 
surface by tillage. In these light-colored areas, the soil 
material has weak structure, is low in content of organic 
matter, and is moderately susceptible to wind erosion if 
the soil is cultivated. 

In many years the water table is above the slowly per- 
meable substratum. early in the growing season. In years 
when precipitation is above average, however, the water 
table is high most of the time and is at or near the surface 
occasionally. 

This soil is used mainly for crops. Wheat, barley, corn. 
flax, oats, and hay are the crops commonly grown, and 
yields are high. At times, seeding is delayed because this 
soil is wet. Surface drains are needed to remove the 
excess water, (Capability unit [le-1) 

Glyndon-Borup loams, strongly saline, nearly level 
(0 to 2 percent slopes) (GsA).—The soils of this complex are 
im small, widely scattered areas. The Glyndon soil is 
somewhat poorly drained. The Borup soil is poorly 
drained. The profiles of the Glyndon and Borup soils 
are similar to the profiles described for the Glyndon and 
Borup series, except that they contain soluble salts. 

The soils of this complex have a moderately permeable 
subsoil and substratum. In most years the water table is 
within 5 feet of the surface of the Glyndon soil early in 
the growing season. In the Borup soil it is within 3 feet 
of the surface much of the time. These soils have a high 
content of soluble salts. 

The soils of this complex are best suited to pasture. 
Because of the high content of soluble salts, the yields of 
crops commonly grown are greatly reduced, even in years 
when the supply of available moisture is favorable. (Ca- 
pability unit VIs-1) 

Glyndon and Gardena loams, nearly level (0 to 2 per- 
cent slopes) (GtA}—The soils of this unit are mostly in the 
beach area, where differences in elevation are 12 inches or 
less. The Glyndon soil is on slight rises, and the Gardena 
soul is in the lower areas. The extent of the Glyndon and 
Gardena soils in this unit is about the same, but the pro- 
portions are not the same in different areas. 

The peas of the Glyndon and Gardena soils are simi- 
lar to the profiles described for the Glyndon and Gardena 
series, except that both soils have a slowly permeable sub- 
stratum at some depth between 24 and 60 inches. The sur- 
face layer of the Glyndon soil in this unit is calcareous in 
most places. In areas of these soils where part of the Glyn- 
don subsoil has been brought to the surface by tillage, the 
surface has a patchy appearance because the soil material 
is light colored in some places and dark colored in other 
places. In the light-colored areas the soil material is low 
in content of organic matter, has weak structure, and is 
moderately susceptible to wind erosion. Also, crops grown 
in these light-colored areas show signs of yellowing early 
in the growing season because of a deficiency of plant 
nutrients. 

In most years the water table is within 5 feet of the sur- 
face of the Glyndon soil early in the growing season. At 
times, seeding is delayed because of wetness. Surface 
drains are needed to remove excess water in some areas. 


These soils are used mainly for crops. Wheat, barley, 
corn, flax, oats, and hay are the crops commonly grown, 
and yields ave high. (Capability unit TIe-1) 

Glyndon and Hamerly loams, saline, nearly level (0 
to 2 percent slopes) (GuA].—These soils are within the beach 
area. The proportions of the Glyndon and Hamerly soils 
vary widely in different areas. Both the Hamerly and 
Glyndon soils have a surface layer 6 to 12 inches thick. 
Where part of the subsoil has been brought to the surface 
by tillage, light-colored patches are common. In these 
light-colored areas, the soil material is low in content of 
organic matter, has weak structure, and is moderately sus- 
ceptible to wind erosion if the soils are cultivated. A 
slowly permeable substratum of glacial till and lake sedi- 
ments is common in.the Glyndon soil at a depth of 24 to 
60 inches. 

The soils in this unit have a moderately permeable loam 
subsoil and a moderately to slowly permeable loam sub- 
stratum. In most years the water table is within 5 feet of 
the surface in spring and early in summer. These soils 
have good available moisture capacity and a moderate con- 
tent of organic matter. In years of normal rainfall, the 
content of soluble salts within the root zone is great enough 
that the growth of plants is affected. In extended dry 
periods the growth, vigor, and yields of crops are greatly 
reduced. 

Most areas of these soils are cultivated, and wheat, flax, 
barley, and hay are the crops commonly grown. Yields 
are only fair in dry years, but they are good in years when 
rainfall is adequate and is uniformly distributed through- 
out the growing season. (Capability unit ITIs-6) 


Gravel Pits 


Gravel pits (Gv) are on the more distinct beach ridges 
and on the edges of terraces near the Maple River. They 
are in areas where sand and gravel have been removed for 
road construction and other purposes. These areas were 
not leveled after the sand and gravel were removed. 
Sweetclover, weeds, and a few cottonwood trees have be- 
come established in parts of these areas and provide lim- 
ited cover for wildlife. (Not placed in a capability unit) 


Hamar Series 


In the Hamar series are deep, somewhat poorly drained 
or poorly drained soils developed in sandy sediments de- 
posited in glacial lakes. These soils are in low areas and 
in slight depressions. In most years they have a water 
table within 3 feet of the surface. The native vegetation 
was tall grasses and sedges. 

The surface layer is black, neutral or slightly acid fine 
sandy loam to loamy fine sand that has crumb structure 
and is 10 to 80 inches thick. Where the surface layer is 
more than 15 inches thick, the lower part is mottled with 
dark brown and yellowish brown. 

The subsoil is grayish-brown. sandy loam to fine sand 
that has faint olive-brown and dark-brown mottles. It is 
slightly acid to mildly alkaline. 

The substratum is grayish-brown, mildly alkaline and 
slightly calcareous sandy loam to loamy fine sand that has 
prominent, common mottles of dark gray, reddish yellow, 
and dark brown. The upper part has strongly contrasting 
mottles, and the lower part has faint ones. In some places 
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below a depth of 42 inches, there are layers of silt loam or 
silty clay loum less than 2 inches thick. 

The Hamar soils occur with the Hecla, Maddock, and 
Ulen soils. They have a more strongly mottled subsoil 
and substratum than the Hecla and Maddock soils. They 
lack a layer of lime accumulation beneath the surface layer 
like that in the Ulen soils. The Hamar soils are coarser 
textured than the Tiffany soils. 

The Hamar soils ave used mainly for pasture. In some 
areas, however, they ave cultivated with adjacent soils. 

Hamar fine sandy loam (0 to 2 percent slopes) (Ha) — 
This soil is in low areas and in shallow depressions on the 
Sheyenne Delta. Most areas mapped as this soil are 
smaller than 10 acres in size. The surface layer is black, 
very friable fine sandy loam 10 to 80 inches thick, The 
subsoil is grayish-brown loamy fine sand mottled with 
dark brown. The substratum is light brownish-gray 
loamy fine sand that is strongly mottled with reddish yel- 
low and olive brown. 

Permeability is rapid in the subsoil and substratum, and 
the available moisture capacity is low. The content of 
organic matter is high to moderate. In most years the 
water table is within 8 feet of the surface in spring and in 
summer. In wet years, however, it is at or near the surface 
during most of the frost-free season. 

This soil is used mainly for hay and grazing, but some 
areas are in fields with other soils and are cultivated with 
the other soils. Except in dry years, seedling is usually 
delayed because of wetness. This soil is suitable for culti- 
vation. if it is drained, but it is highly susceptible to wind 
erosion if it is cultivated. Oats, millet, flax, and hay are 
the crops best suited to areas without drainage. Corn, 
wheat, and barley can be grown where drainage has been 
established. (Capability unit [TIw-1) 

Hamar-Ulen fine sandy loams (0 to 2 percent slopes) 
(Hb].—The soils of this complex are more extensive on the 
Sheyenne Delta than in other areas. Both soils ave in 
broad, low areas, but the Hamar soil is in slightly lower 
areas than the Ulen soil. The Hamar soil occupies at least 
50 percent of the acreage, and the Ulen soil occupies 15 to 
50 percent. 

The Hamar soil has a profile like the one described for 
Hamar fine sandy loam, The Ulen soil has a surface layer 
of black, very friable fine sandy loam. Its surface layer is 
slightly calcareous in most places and is 8 to 12 inches 
thick. The subsoil is grayish-brown, strongly calcareous 
fine sandy loam. It is underlain by a substratum of olive- 
brown, calcareous fine sandy loam to loamy fine sand. 

These soils have a rapidly permeable subsoil and sub- 
stratum. The available moisture capacity is low to fair, 
and the content of organic matter is moderate. In culti- 
vated areas these soils are highly susceptible to wind 
erosion. 

In most years the Hamar soil has a water table within 8 
feet of the surface until early insummer. This water table 
is within 5 feet of the surface during most of the frost-free 
period. Water is ponded on the Hamar soil in wet years 
for periods of 1 to several months, The Ulen soil gen- 
erally has a water table within 5 feet of the surface during 
the early part of the growing season. In wet years the 
water table is at or near the surface. 

These soils are used for field crops and for hay and 
pasture. Surface drainage is needed to remove the ex- 
cess water. If the soils have been drained, they are suited 


to corn, wheat, oats, barley, and hay. In the undrained 
areas, the crops grown and the tillage operations vary 
according to the wetness of the season. Seeding is often 
delayed in the undrained areas, and crops cannot be 
planted in wet years. Crop yields are fair to good, and 
an excellent growth of grasses is produced for hay and 
grazing. (Capability unit T1Te+) 

Hamar-Ulen loamy fine sands (0 to 2 percent slopes) 
(Hc).—The soils of this complex are most extensive on the 
Sheyenne Delta. They are in low, nearly level or slightly 
undulating areas, but the Ulen soil is in slightly higher 
areas than the Hamar soil. The Hamar soil occupies at 
least; 50 percent of the acreage of this complex, and the 
Ulen soil ocenpies 15 to 50 percent. The profiles of the 
Famar and Ulen soils are similar to the profiles described 
for the Hamar and Ulen series. 

Permeability of both the Hamar and Ulen soils is rapid. 
Available moisture capacity is low or very low. In most 
years the water table is within 8 feet of the surface of the 
Efamar soil during most of the growing season; it is with- 
in 5 feet of the surface of the Ulen soil during most of the 
growing season, but it is within 3 feet in spring and early 
in summer. Water is frequently ponded on the Hamar 
soil, but it is ponded on the Ulen soil only in years when 
the amount of precipitation is high. 

These soils are highly susceptible to wind erosion. The 
soils are used mainly for hay and pasture, but some areas 
are cultivated, In the cultivated areas intensive practices 
are needed that will control erosion. Crop yields are 
generally low in years when rainfall is normal. They are 
good when rainfall is above average, but not excessive, and 
Wea) is uniformly distributed. (Capability unit 

e— 


Hamerly Series 


~ The Hamerly series consists of deep, moderately well 
drained or somewhat poorly drained soils developed in 
calcareous, loamy glacial till. These soils are in nearly 
level or shghtly convex areas adjacent to small, shallow 
depressions. In most years the water table is within 5 
feet of the surface. The native vegetation was tall and 
mid grasses. 

The surface layer is black loam 6 to 14 inches thick. It 
has moderate granular and weak blocky structure and is 
friable when moist and slightly sticky and slightly plastic 
when wet. The surface layer is calcareous and moderately 
alkaline. In a few places it is slightly saline. 

The subsoil is light brownish-gray, strongly calcareous 
loam 8 to 20 inches thick. It has weak, coarse, prismatic 
and blocky structure and is friable when moist and slightly 
sticky when wet. In a few areas the subsoil is moderately 
saline. 

The substratum is light olive-brown, calcareous Joam. 
Tt has light brownish-gray, yellowish-brown, and reddish- 
brown mottles that increase in number and contrast with 
increasing depth. The substratum is slightly saline in 
most areas, and segregations of gypsum crystals are com- 
mon. All layers contain varying amounts of pebbles, 
cobbles, and angular grains of coarse sand. 

The Hamerly soils occur with the Buse, Barnes, Svea, 
Tetonka, Vallers, and Glyndon soils. They have a more 
mottled substratum than the Buse soils. Unlike the 
Barnes and Svea soils, the Hamerly soils have a subsoil 
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that lacks the very dark grayish-brown color typical of 
the subsoil in the Bares and Svea soils. They Jack the 
gray subsurface layer that, is typical of the Tetonka soils, 
and unlike the Tetonka soils they have free lime through- 
out the profile. The substratum of the Hamerly soils has 
fewer mottles than that of the Vallers soils. The Ham- 
erly soils developed in glacial till instead of in_pebble- 
free, water-sortecl material like that in which the Glyndon 
soils developed.. 

The Hamerly soils are used mainly for crops. 

Hamerly complex, undulating (2 to 5 percent slopes) 
(HdB).—The soils of this complex are on the sides of knolls 
and shallow drainageways on the till plain. They are 
mostly in the southwestern corner of the survey area. The 
surface layer is black, friable, calcareous loam. It is 6 
to 14 inches thick in most places, but its thickness varies 
with slight differences in the level of the water table. The 
subsoil is light brownish-gray, very strongly calcareous, 
friable loam. The substratum is light olive-brown, cal- 
careous loam that has yellowish-brown and reddish-brown 
mottles. 

These Hamerly soils have a moderately permeable sub- 
soil and a slowly permeable substratum. Available mois- 
ture capacity is good. In some places these soils are light 
colored where part of the subsoil has been mixed with the 
surface layer by tillage. In the hght-colored areas that 
are cultivated, the soil material is low in content of or- 
ganic matter, has weak structure, and is moderately sus- 
ceptible to wind erosion. 

Areas mapped as these soils include areas of Tetonka 
souls in shallow depressions, which ave shown on the map 
by a symbol for depressions, and of Vallers soils on the 
edges of the depressions. Also included are Buse soils on 
the cresis of knolls. None of the areas of included soils 
are more than | acre in size. 

In most years the water table is within 5 feet of the sur- 
face in spring and early in summer. Seeding is delayed 
at times because of wetness. Shallow surface drains are 
needed to remove the excess water. 

Most areas of these soils are cultivated. The crops 
commonly grown are barley, wheat, oats, flax, and hay, 
and yields are good. (Capability unit IIe-1) 

Hamerly loam, nearly level (0 to 2 percent slopes) 
{HeA).—This soil is on the edge of the till plain adjacent to 
the beach area, It has a moderately permeable subsoil 
and a slowly permeable substratum. Patches where the 
surface layer is light colored occur where tillage has mixed 
part of the subsoil with the surface layer. In these light- 
colored areas, the soil material is low in content of organic 
matter, has weak structure, and is moderately susceptible 
to wind erosion. 

In most years the water table is within 5 feet of the sur- 
face in spring and early in summer... Then, seeding is de- 
layed by wetness and shallow surface drains are needed to 
remove the excess water. 

This soil is used mostly for crops, mainly wheat, barley, 
flax, corn, oats, and hay. Under good management yields 
are generally high. (Capability unit TIe-1) 

Hamerly-Barnes loams, undulating (2 to 5 percent 
slopes) (HgB).—Most areas of these soils are on the till plain 
in the northern part of Cass County. The Hamer'ly soil 
is on the low rises adjacent to shallow drainageways and 
depressions, and the Barnes soil is on the higher knolls. 


Hamerly loam makes up 40 to 60 percent of the acreage, 
and Barnes Joam makes up 80 to 50 percent. 

The Hamerly soil has a profile similar to the one de- 
scribed for the Hamerly series, except that its surface 
layer is 6 to 10 inches thick. The Barnes soil has a sur- 
face layer of black, very friable loam 6:to 8 inches thick, 

Included in_the areas mapped as these soils are arcas 
of Parnell and Buse soils that are smaller than 1 acre in 
size. The included Parnell soils ave m smal] depressions, 
and the Buse soils are on the crests of small knolls. 

Permeability is moderate in the subsoil and moderately 
slow to slow in the substratum. In most years the water 
table is within 5 feet of the surface of the Hamerly soil 
in spring and early in summer. Surface drains are needed 
to remove the excess water. The Barnes and Hamerly 
soils have good available moisture capacity. Generally, 
they are moderate in content of organic matter, 

In some places light-colored areas are on the crests of 
knolls and low rises in fields where part. of the subsoil has 
been mixed with the surface layer by tillage. In the light- 
colored areas that are cultivated, the soil material has 
weak structure, is low in content of organic matter, and 
is moderately susceptible to erosion by wind and water. 

These soils are used mostly for crops, mainly wheat, 
barley, flax, oats, corn, and hay. Yields are good. (Capa- 
bility unit TTe-1) 


Hecla Series 


In the Hecla series are deep, nearly level, moderately 
well drained soils developed in sandy sediments deposited 
m glacial lakes. The native vegetation was tall grasses. 

The surface layer is black to very dark brown, neutral 
fine sandy loam, loamy fine sand, and fine sand 14 to 40 
inches thick, Tt has very weak to weak crumb and blocky 
structure. Where the surface layer is fine sandy loam 
or loamy fine sand, it is very friable; where it is fine sand, 
it is structureless and loose. 

The subsoil is very dark erayish-brown, noncalcareous 
and neutral loamy fine sand or fine sand that is 4 to 18 
inches thick. It 1s mottled with very dark brown and is 
structureless anc loose. 

The subsoil graces to a substratum of dark grayish- 
brown fine sand to loamy fine sand that is loose and struc- 
tureless. The substratum has many dark-brown mottles, 
except in some areas where the lower part is contrasting 
loam and silty clay loam, Generally, the substratum has 
no free lime within 60 inches of the surface, but it is 
slightly calcareous in some places. 

The Hecla soils occur with the Maddock, Embden, Ege- 
land, Hamar, Ulen, and Tiffany soils. They have a 
thicker surface layer and a more mottled substratum than 
the Maddock soils, and they are coarser textured than the 
Embden and Egeland soils. The Heela soils are less mot- 
tled than the Hamar soils, and they lack the layer of lime 
accumulation typical of the Ulen soils. They are coarser 
textured and less mottled than the Tiffany soils. 

The Hecla soils are used for crops and native pasture. 

Hecla fine sand, nearly level (0 to 2 percent slopes) 
{HkAx).—-This soil is on the Sheyenne Delta. It has a sur- 
face layer of black, very friable or loose fine sand 14 to 
40 inches thick. The subsoil is dark-gray to very dark 
grayish-brown. fine sand. Beneath the subsoil is brown, 
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loose fine sand that is mottled with brownish yellow. This 
soil is noncalcareous throughout the profile. : 

This soil has rapid permeability and low available mois- 
ture capacity. The content of organic matter is moderate 
to high. 

This soil is used for grazing and for growing hay. It 
is not suitable for cultivation, because it is highly sus- 
ceptible to wind erosion. Grazing should be carefully 
managed so that a good stand of adapted grasses and an 
adequate ground cover will be maintained. (Capability 
unit VIe-1) 

Hecla fine sandy loam, nearly level (0 to 2 percent 
slopes) (HIAx)—Some areas of this soil are on the Sheyenne 
Delta in the southern part of the survey area. Others 
are in the beach area in the northern part of Cass County. 
The surface layer is black, very friable fine sandy loam. 
It is 8 to 20 inches thick and has weak crumb and blocky 
structure. The subsoil is very dark grayish-brown, loose 
loamy fine sand. Beneath the subsoil is dark-brown sand 
and loamy fine sand mottled with olive brown. 

This soil has low to fair available moisture capacity. 
Permeability of the subsoil and substratum is rapid. The 
soil is highly susceptible to wind erosion. One evidence 
of wind erosion is an accumulation of soil material along 
field boundaries and fence lines. Another is a plow layer 
that is lighter colored than the part of the surface layer 
below plow depth. 

Most areas of this soi] are in cultivated crops, mainly 
wheat, barley, oats, corn, and hay. Generally, yields are 
fair, but they are low in dry years because of the limited 
available moisture capacity. in cultivated areas a combi- 
nation of practices that will control wind erosion is gen- 
erally needed for protection against erosion. (Capability 
unit. TITe-1) 

Hecla fine sandy loam, moderately shallow, nearly 
level (0 to 2 percent slopes) (HmA)—This soil is in small 
areas on the Bheyanne Delta and in the beach area. Its 
profile is similar to the one described for Hecla fine sandy 
loam, nearly level, except that the substratum is loam 
glacial till or loam to silty clay loam lake sediments at 
a depth of 20 to 36 inches. Areas mapped as this: soil 
include areas of Ulen and Embden fine sandy loams too 
small to be mapped separately. 

This Hecla soil has a rapidly permeable subsoil and a 
slowly permeable substratum. Available moisture capacity 
is fair to good because of the favorable available moisture 
capacity of the substratum. After a large amount of rain 
has fallen, this soil has a perched water table above the 
slowly permeable substratum. This water table restricts 
the depth to which roots can penetrate. The content of 
organic matter is moderate. This soil is highly suscepti- 
ble to wind erosion if it is cultivated. 

Most areas of this soil are cultivated, and wheat, barley, 
oats, corn, and hay are the main crops. Yields are slightly 
higher than on Hecla fine sandy loam, nearly level, be- 
cause of the higher available moisture capacity in the 
lower part of the root zone. In cultivated areas a com- 
bination of practices that will control wind erosion is 
necessary for protection agairist erosion. (Capability unit 
IITe-3) 

Hecla loamy fine sand, loamy substratum, nearly 
level (0 to 2 percent slopes) (HoAx).—This soil is most ex- 
tensive on the Sheyenne Delta. It is in nearly level or 
very gently undulating areas. The surface layer is black 


to very dark grayish-brown loamy fine sand that has very 
weak crumb structure. The subsoil is loose, dark grayish- 
brown loamy sand. Thin layers of silt loam and silty clay 
loam that have moderately slow permeability are at some 
depth between 36 and 60 inches. Included in the areas 
mapped as this soil are small, low areas of Hamar loamy 
fine sand that are too small to ‘be mapped separately. 

Generally, this Hecla soil has a rapidly permeable sub- 
soil and a slowly permeable substratum. It has very low 
available moisture capacity. The content of organic mat- 
ter is moderate. This soil is highly susceptible to wind 
erosion, and many areas are already moderately eroded. 
In some areas drifted soil material has accumulated along 
field boundaries, fence lines, and field windbreaks. The 
plow layer in the eroded areas is lighter colored than the 
surface layer below plow depth. 

Most areas of this soil are cultivated, but yields are low. 
Corn, oats, wheat, and hay are the main crops. (Capabil- 
ity unit [Ve-1) 

Hecla loamy fine sand, moderately shallow, nearly 
level (0 to 2 percent slopes) (HpAx).—The profile of this 
soil is similar to the one described for Hecla loamy fine 
sand, loamy substratum, except that the substratum is silt 
loam to silty clay loam. The substratum is at some depth 
between 20 and 36 inches. 

This soil has low available moisture capacity. Per- 
meability is rapid in the subsoil and moderately slow in 
the substratum. In years when there has been a large 
amount of precipitation, this soil has a perched water 
table above the substratum. The content of organic mat- 
ter is moderate. The soil is highly susceptible to wind 
erosion if it is cultivated, and many areas have already 
been moderately eroded by wind. 

Areas of this soil are small and scattered. Therefore, 
most areas are cultivated in fields with other soils. The 
crops commonly grown are wheat, barley, oats, corn, and 
hay, and yields are low. In cultivated areas intensive 
practices that control wind erosion are needed to protect 
this soil. ( Capability unit [Ve-1) 

Hecla sandy loam, loamy substratum, nearly level 
(0 to 2 percent slopes) (HrA)—Most areas of this soil are 
in the beach ridge area north of the Maple River. The 
surface layer is black to very dark gray, very friable sandy 
loam. It has weak crumb structure and is 12 to 20 inches 
thick. The subsoil is dark grayish-brown coarse sand. 
The upper part of the substratum is coarse sand, but thin 
layers of silt loam are at a depth of 48 to 60 inches. 

This soil has low available moisture capacity. The sub- 
soil and the upper part of the substratum are rapidly per- 
meable. The lower part of the substratum is slowly 
permeable. The content of organic matter is moderate. 
Cultivated areas of this soil are highly susceptible to wind 
erosion. 

Most areas of this soil are cultivated, but this soil is 
droughty and yields are poor to fair. The commonly 
grown crops are wheat, barley, corn, and hay. In the cul- 
tivated areas practices that control erosion are needed. 
(Capability unit IITe-3)- 

Hecla soils, nearly level (0 to 2 percent slopes) (HsAx).— 
This complex is made up of Hecla loamy fine sand and 
Hecla fine sandy loam. Although these soils are nearly 
level, they are in areas where the topography is mainly 
gently undulating. The Hecla loamy fine sand is in 
slightly higher areas than the Hecla fine sandy loam. 
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The soils of this complex have a rapidly permeable sub- 
soil and substratum. Their available moisture capacity is 
low. The content of organic matter is moderate. These 
soils are highly susceptible to wind erosion. Most. culti- 
vated areas are already moderately eroded, especially the 
areas of cultivated loamy fine sand in the slightly higher 
areas. In places drifted soil material has accumulated 
along the boundaries of fields and along windbreaks and 
fence lines. 

These soils are usec mostly for crops, mainly corn, 
wheat, barley, oats, and hay. Yields arelow. (Capability 
unit [Ve-1) 

Hecla and Embden fine sandy loams, nearly level (0 
to 2 percent slopes) (HtAx)—The soils of this unil' are 
mainly near the western edge of the Sheyenne Delta in 
Cass County. The proportions of Hecla and Embden fine 
sandy loams in each area range from 20 to 80 percent. 

The Hecla soil has a subsoil of loamy fine sand, and the 
Embden soil has a subsoil of very dark grayish-brown 
fine sandy loam. Both of these soils have a substratum of 
loamy sand to sand. 

The soils in this unit have low to fair available moisture 
capacity. Permeability is moderately rapid in the sub- 
soil and substratum. The content of organic matter is 
moderate. In most places these soils are highly susceptible 
to wind erosion, and some areas are already eroded. 

Most areas of these soils are cultivated. Wheat, corn, 
oats, barley, and hay are the crops commonly grown, and 
yields are fair. (Capability unit ITIe-1) 

Hecla-Hamar complex, hummocky, eroded (HuB2).— 
This complex is made up of Hecla fine sand and of Hammar 
loamy fine sand. The Hecla soil is on hummocks 4 to 6 
feet high, and the Hamar soil is in the many small depres- 
sions. In places these soils are severely eroded; many of 
the small depressions are former blowouts. The Hecla 
soil is more eroded than the Hamar soil. It makes up 70 
to 80 percent of the acreage in the complex. The Hecla 
soil has a profile similar to the one described for the Hecla 
series, except that the dark-colored surface layer is thin- 
ner, or 8 to 15 inches thick. The Hamar soil has a profile 
sunilar to the one described for the Hamar series. 

The soils of this complex are rapidly permeable and 
have very low available moisture capacity. In most years 
the water table is within 3 feet of the surface of the Hamar 
soil during much of the growing season and is at or near 
the surface of that soil in spring and early in summer. 

These soils are suited to grazing if management is inten- 
sive. Careful control of the stocking rate and of the dis- 
tribution of grazing is necessary to maintain a cover of 
desirable grasses. (Capability unit VIe-1) 

Hecla and Hamar loamy fine sands, nearly level (0 
to 2 percent slopes) (HvAx}.—The soils of this unit are in 
gently undulating areas. Most of the areas are on the 
Sheyenne Delta. The Hecla soil is more extensive than 
the Hamar, and it is in areas that are 1 to 3 feet higher 
than those occupied by the Hamar soil. It occupies 15 to 
40 percent of the acreage of this unit. The profiles of 
these soils are similar to the profiles described for the 
Tecla and Hamar series. 

Included in the areas mapped as these soils are areas of 
Ulen. and Arveson soils that are too small to be mapped 
separately. 

The soils of this unit have a rapidly permeable sub- 
soil and substratum and very low available moisture capac- 


ity. In most years the water table is within 3 feet of the 
surface of the Hamar soil during most of the frost-free 
season and_at or near the surface in spring and early in 
suimmer. Seeding is often delayed by the wetness of the 
Hamar soil. The content of organic matter is moderate 
to high. In most cultivated areas these soils are moder- 
ately eroded; windblown sand has accumulated along field 
boundaries, fence lines, and field windbreaks in many 
places, The soils are highly susceptible to further erosion. 

Most areas of these soils are cultivated. Corn, wheat, 
oats, barley, and hay are the crops commonly grown. 
Yields of wheat, oats, and barley are low, but yields of 
corn and hay are fair to good. Intensive practices that 
control wind erosion are needed to protect these soils. 
(Capability unit [Ve-1) 

Hecla-Ulen fine sandy loams, nearly level (0 to 2 per- 
cent slopes) (HxAx).—The soils of this complex are in gently 
undulating areas in the beach area in the northern part 
of Cass County. The Hecla soil is in areas that are 
slightly higher than those occupied by the Ulen soil. The 
Hecla soil occupies at least 50 percent of each area mapped 
as this complex. The profiles of the Hecla and Ulen soils 
are similar to the profiles described for Hecla fine sandy 
loam, nearly level, and Ulen fine sandy loam. — The Hecla 
surface layer is 14 to 20 inches thick, and the Ulen surface 
layer is 6 to 14 inches thick. 

The soils of this complex have fair available moisture 
capacity. Permeability is moderately rapid in the sub- 
soil. It is generally rapid in the substratum, but it is 
slow in the substratum of the Ulen soil at a depth of more 
than 60 inches. In most years the water table is within 
8 feet of the surface of the Ulen soil in spring and early 
in summer, but in years of unusually high rainfall it is 
at or near the surface during much of the growing season. 
The soils of this complex have a moderate content of 
organic matter. They are highly susceptible to wind ero- 
sion if they are cultivated. Some erosion has already 
taken place in most areas, and soil material has accumu- 
lated along field boundaries, fence lines, and field wind- 
breaks, 

These soils are suited to crops, and most areas are cul- 
tivated. Wheat, barley, oats, corn, and hay are the crops 
commonly grown, and yields are fair. (Capability unit 
TITet) 

Hecla-Ulen fine sandy loams, loamy substratum, 
nearly level (0 to 2 percent slopes) (HyAx|.—The soils of 
this complex are in the beach area north of the Maple 
River. Their profiles are similar to the profiles described 
for the Hecla and Ulen series, except that a substratum of 
silt loam and silty clay loam is at some depth between 36 
and 60 inches. 

Permeability is moderately rapid in the subsoil and 
moderately slow to slow in the substratum. The avail- 
able moisture capacity is fair. In most years the water 
table is within 8 feet of the surface of the Ulen soil in 
spring and early in summer. In years when rainfall is 
much above normal, the water table is at or near the sur- 
face during most of the growing season. The content of 
organic matter is moderate. The soils of this complex are 
highly susceptible to wind erosion if they are cultivated. 
In most places some wind erosion has already taken place; 
soil material has accumulated along field boundaries, fence 
lines, and field windbreaks. 
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The soils are suitable for cultivation. The crops com- 
monly grown are oats, corn, barley, flax, and hay, and 
yields are fair. (Capability unit IT1e-3) 


Lamoure Series 


The Lamoure series consists of somewhat. poorly drained 
soils developed in moderately fine textured alluvium. 
These soils are on bottom Jands along the Maple River. 
The native vegetation was sedges and tall grasses. 

The surface layer is black, mildly alkaline silty clay 
loam 20 to 30 inches thick. It has weak blocky and mod- 
erate granular structure. When moist, it is very friable, 
but when wet, it is slightly sticky and plastic. 

The subsoil is calcareous, moderately alkaline, olive- 
brown silty clay loam 8 to 14 inches thick. It has mod- 
erate blocky and granular structure and is friable when 
moist and slightly sticky and plastic when wet. 

The subsotl grades to a substratum that consists of 
layers of olive-brown, slightly calcareous sandy loam, fine 
sandy loam, and silt loam that are less than 6 inches thick. 
These layers ave friable when moist and slightly sticky 
when wet. 

The Lamoure soils have a substratum that contains 
fewer mottles and is coarser textured than that of the 
Perella soils. They are finer textured than the Tiffany 
soils and are coarser textured than the Dimmick soils. 

The Lamoure soils are used for crops. 

Lamoure silty clay loam (0 to 2 percent slopes) (La).— 
This is the only Lamoure soil mapped in the survey area. 
It is in only one area on the bottom lands along the Maple 
River. The surface layer is black to very dark gray, fria- 
ble silty clay Joam that is 20 to 80 inches thick and has 
moderate granular structure. The subsoil is olive-brown, 
calcareous silty clay loam that is friable and has moderate 
blocky structure. The substratum consists of strata of 
olive-brown fine sandy loam alternating with strata of 
silty clay loam. 

This soil has moderately slow permeability and good 
available moisture capacity. It receives seepage from ad- 
joining areas. The content of organic matter is high. 

All of this soil is used for crops, mainly wheat, barley, 
oats, flax, and hay. Yields are fair. (Capability unit 


IIw-3) 


La Prairie Series 


The La Prairie series consists of moderately well 
drained soils developed in medium-textured, recently de- 
posited alluvium. These soils ave on high bottom lands in 
stream valleys. The native vegetation was mainly trees 
and tall grasses. 

The surface layer is black silt loam 7 to 20 inches thick. 
Tt has granular structure and is very friable when moist 
and slightly sticky when wet. This layer has been leached 
of lime and is neutral. 

The subsoil is very dark grayish-brown silt loam to very 
fine sandy loam. It has weak prismatic structure and is 
friable when moist and slightly sticky when wet. The 
subsoil is slightly calcareous in places and is moderately 
alkaline. 

The substratum is variable in color and texture. It con- 
tains thin layers of differing texture in many places, but 
the texture 1s generally between a silt loam and a fine 


sandy loam. In some places the substratum contains the 
dark-colored former surface layer of a buried soil. 

The La Prairie soils have a thicker, darker colored sur- 
face Jayer than the Fairdale soils. They are coarser 
textured than the Overly soils and finer textured than the 
Embden soils. Their subsoil lacks the olive-brown color 
that is typical of the Lamoure subsoil. 

Some areas of La Prairie soils are used for crops. Areas 
that ave dissected by stream channels are used for native 
pasture. 

La Prairie and Fairdale soils (Lf)—The soils of this 
unit are on bottom lands along the Maple and Rush Rivers 
and Swan Creek. The areas are cut by former stream 
channels that have steep side slopes, are 20 to 40 feet wide, 
and 5 to 10 feet deep. The La Prairie soils occupy high 
bottom lands; the Fairdale soils ave in lower positions 
and are subject to flooding. 

The surface layer of the La Prairie soils is black, very 
friable silt loam 8 to 20 inches thick, and their subsoil is 
very friable, very dark grayish-brown silt loam. In some 
areas the substratum contains a dark-colored surface layer 
of a buried soil. The surface layer of the Fairdale soils 
is very dark grayish-brown silt loam, and their sub- 
soil is brown, very friable very fine sandy loam to silt 
loam. The underlying alluvium is stratified, brown to 
dark grayish-brown silt loam to loamy sand. The Fair- 
dale soils are generally calcareous. 

The soils of this unit have good available moisture ca- 
pacity and a moderately permeable subsoil and substia- 
tum. The La Prairie soils are high in content of organic 
matter and moderate in content of available phosphorus. 
The Fairdale soils are low in content of both organic 
matter and available phosphorus. 

The La Prairie and Fairdale soils are used mostly for 
pasture. Cultivating these soils is not feasible, because 
the areas are too small, narrow, and difficult to reach. 
(Capability unit VIe-2) 

La Prairie silt loam (0 to 2 percent slopes) {Lp)—This 
soil is on high bottom lands in the valley of the Maple 
River. Included with it in mapping are areas of Rauville 
and Fairdale soils less than 1 acre in size. 

This soil has good available moisture capacity and is 
high in content of organic matter. Permeability of the 
subsoil is moderate, but the permeability of the substratum 
is moderately slow. 

Most: areas of this soil are cultivated. Wheat, barley, 
oats, flax, corn, and hay are the main crops, and yields 
are high. (Capability unit TIc-1) 


Maddock Series 


In the Maddock series are deep, well-drained or some- 
what excessively drained soils developed in coarse- 
textured sediments deposited in glacial Jakes. These 
coarse-textured sediments were blown about and scattered 
by wind after the water in the glacial lakes receded. These 
soils are on low convex ridges and hummocks that are 1 
to several feet higher than the adjacent soils. The vege- 
tation was mid and tall grasses. 

The surface layer is very dark gray to dark grayish- 
brown, neutral. fine sandy loam, loamy fine sand, and fine 
sand 4 to 14 inches thick. Tt has weak to very weak crumb 
and blocky structure and is very friable when moist and 
slightly sticky when wet. 
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The subsoil is dark grayish-brown or grayish-brown, 
neutral or mildly alkaline loamy fine sand or fine sand 8 
to 16 inches thick. It is structureless in most places, but 
it has very weak blocky structure in some places. The 
subsoil is very friable or loose when moist. 

The substratum is mainly brown to yellowish-brown 
loamy fine sand or fine sand, but it is loam, silt loam, or 
silty clay loam in some places. In places the lower part 
of the substratum contains a small amount of free me. 

The Maddock soils occur with the Hecla, Ulen, and 
Hamar soils. They have a thinner surface layer and a 
lighter colored subsoil than the Hecla soils, and they lack 
mottling in the substratum, Their subsoil lacks the ac- 
cumulation of lime that is typical in the subsoil of the Ulen 
soils. ‘The Maddock soils are lighter colored than the 
Hamar soils, and they lack the mottling that is typical 
in those soils. They have a coarser textured subsoil than 
the Egeland and Embden soils. 

The Maddock soils are used for native pasture, hay, and 
field crops. 

Maddock fine sandy loam, nearly level (0 to 2 percent 
slopes) (MaAx).—This soil is on the Sheyenne Delta and in 
the beach area. It is at a slightly higher elevation than 
the adjacent soils. The surface layer is very dark grayish- 
brown fine sandy loam, and the subsoil is dark grayish- 
brown loamy fine sand. The substratum is yellowish- 
brown loamy fine sand or fine sand. Areas mapped as this 
soil include areas of Hecla and Egeland fine sandy loams 
that are smaller than 3- acres in size. 

This Maddock soil has a rapidly permeable subsoil and 
substratum and low available moisture capacity. Its con- 
tent of organic matter is moderate to low. If it is culti- 
vated, this soil is highly susceptible to wind erosion. In 
most of the cultivated areas, it has already been mod- 
erately eroded by wind; drifting soil material has ac- 
cumulated along field boundaries and fence lines in some 
places. 

Most areas of this soil are cultivated. Wheat, barley, 
corn, and hay are the main crops, and yields are low. 
(Capability unit ITTe-2) 

Maddock fine sandy loam, undulating (2 to 5 percent 
slopes) (MaBx)—This soil is mostly in areas adjacent to 
stream valleys and drainageways. Its surface layer is 
thinner than the one in the profile described for Maddock 
fine sandy loam, nearly level. 

The available moisture capacity is low. Permeability 
is rapid in both the subsoil and substratum. This soil is 
moderate to low in content of organic matter. In culti- 
vated areas this soil is highly susceptible to wind erosion 
and is moderately eroded in most places. In some of the 
eroded areas, drifting soil material has accumulated along 
field boundaries or fence lines: 

Most areas are cultivated. The crops commonly grown 
are corn, onts, and hay, but yields are low. (Capability 
unit [ITe-2) 

Maddock fine sandy loam, rolling (5 to 8 percent 
slopes) (MaCx).—This soil is on the sides of shallow drain- 
ageways entrenched in the Sheyenne Delta adjacent to the 
lake plain. Its surface layer is thinner than the one in 
the poe described for Maddock fine sandy loam, nearly 
level. 

Permeability is rapid in the subsoil and substratum, 
anc the available moisture capacity is low. The content 
of organic matter is low. In most of the cultivated areas, 
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this soil has been moderately eroded by wind, and it is 
highly susceptible to further erosion if it is cultivated. 
The surface layer is lighter colored in the areas that have 
been cultivated than in areas that have remained in native 
grass. 

Most areas of this soil are used for grazing, but some 
areas ave cultivated. Barley, oats, and hay are the crops 
commonly grown, but yields are low. (Capability unit 
ITTe-2) 

Maddock loamy fine sand, nearly level (0 to 2 percent 
slopes) (MdAx).—This soil is on slight ridges that are 1 to 
2 feet above the general level of adjacent areas, It is 
mainly on the Sheyenne Delta. 

Permeability is rapid in the subsoil and substratum, 
and the available moisture capacity is low. The content 
of organic matter is moderate to low. This soil is highly 
susceptible to wind erosion if it is cultivated. Where it 
has been cultivated, moderate erosion has already occurred 
in most places. 

Most areas of this soil are cultivated, but yields are low. 
Hay, corn, and oats are the principal crops. (Capability 
unit [Ve-2) 

Maddock loamy fine sand, undulating (0 to 5 percent 
slopes) (MdBx)—This soil is on low ridges, mainly on the 
Sheyenne Delta. It has a profile similar to that of Mad- 
dock fine sandy loam, nearly level, except that the surface 
layer, 6 to 10 inches thick, 1s loamy fine sand. 

This soil has a rapidly permeable subsoil and substra- 
tum and very low available moisture capacity. The con- 
tent of organic matter is low to moderate. In cultivated 
areas this soil is highly susceptible to wind erosion. In 
most areas that have been cultivated, moderate erosion 
has already taken place. 

More than half of the acreage is cultivated, but yields 
are low. Hay, corn, and oats are the principal crops. 
(Capability unit [Ve-2) 

Maddoc soils, hilly (5 to 30 percent slopes) (MhD).— 
These soils are onthe side slopes of stream valleys and in 
duned areas where the difference between the lowest and 
highest elevation is more than 20 feet. The dark-colored 
surface layer is fine sandy loam, loamy sand, or fine sand 
1 to 6 inches thick. In other respects the profile is within 
the range described for the series. 

Permeability is rapid, and available moisture capacity 
is low or very low. ‘These soils are highly susceptible to 
wind erosion. 

These soils are used for grazing. The vegetation, how- 
ever, is mainly a sparse growth of short and mid grasses, 
= ee and prairie sandreed. (Capability unit 

Te-1. 

Maddock loamy fine sand, moderately shallow, 
nearly level (0 to 2 percent slopes) (MkAx).—This soil is‘on 
narrow terraces adjacent to stream valleys. Most areas 
are on the Sheyenne Delta. In most places the surface 
layer is dark grayish-brown loamy fine sand. It is lighter 
colored in cultivated areas, however, than in areas that 
have not been cultivated. The subsoil is grayish-brown 
loamy fine sand. The substratum, at some depth between 
20 and 86 inches, is light olive-brown clay. 

Permeability is rapid in the subsoil and moderately slow 
to very slow in the clay substratum. Available moisture 
capacity is low in the surface layer and subsoil and good 
in the substratum. In cultivated areas this soil is highly 
susceptible to wind erosion and is moderately eroded in 
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most places. The content of organic matter is low to 
moderate. 

Most areas of this soil are cultivated. 
oats are the main crops grown, but yields are low. 
bility unit [Ve-2) 

Maddock-Hamar complex, severely eroded (Mx3).— 
The soils of this complex are on the Sheyenne Delta, They 
have been severely eroded by wind, and small blowouts are 
common. The Maddock soil is on hummocks and low dunes 
6 to 20 feet high, and the Hamar soil is in low areas. Mad- 
dock fine sand occupies about 75 percent of the acreage, 
and Hamar loamy fine sand about 25 percent. In the 
profile of the Maddock soil, the dark-colored former sur- 
face layer of a buried soil is common. These soils have 
been covered by drifting sand. 

The Maddock soil is rapidly permeable and has very 
low available moisture capacity. In most years the Hamar 
soil has a water table at or near the surface early in the 
growing season. This water table usually drops during 
the growing season. 

The soils of this complex are used for grazing and are 
suited to limited grazing if they are carefully managed. 
The Maddock soil supports a sparse growth of sand blue- 
stem and prairie sandreed in addition to some short and 
mid grasses. The Hamar soil supports a more luxuriant 
growth of big bluestem, switchgrass, and slough sedge. 
Willows, cattails, and rushes are in the deeper blowouts. 
(Capability unit VIe-1) 


Hay, corn, and 


(Capa- 


Overly Series 


The Overly series consists of deep, moderately well 
drained soils developed in medium-textured and moder- 
ately fine textured sediments deposited in glacial lakes. 
These soils are in nearly level areas. The native vegeta- 
tion was tall grasses. 

The surface layer is black, neutral silt loam to silty clay 
loam 10 to 20 inches thick. It has strong granular and 
blocky structure. In areas where the surface layer is silt 
loam, it is very friable when moist and slightly sticky and 
slightly plastic when wet. In other areas it is hard when 
dry, friable to firm when moist, and sticky and plastic 
when wet. Wedge-shaped tongues of soil material from 
the surface layer extend downward into the subsoil. 

The subsoil is very dark grayish-brown to very dark 
brown silty clay loam that has strong blocky and granular 
structure. The upper part is neutral, and the lower part is 
moderately alkaline. 

A grayish-brown layer of lime accumulation underlies 
the subsoil. This layer is moderately alkaline, has moder- 
ate blocky structure, and is firm when moist and sticky 
when wet. The soil material in the layer of lime accumula- 
tion generally grades to a layer of light olive-brown, cal- 
careous and moderately alkaline silty clay loam, but it 
grades to silt loam or silty clay in some places, The lower 
part of this material is mottled and is slightly saline. Al- 
ternate layers, less than 1 inch thick, of silt loam, silty clay 
loam, or silty clay occur in some areas below a depth of 42 
inches. 

The Overly soils are coarser textured than the Fargo 
soils and finer textured than the Gardena soils. They lack 
the calcareous subsoil that is typical in the Bearden profile, 
and they have a less mottled subsoil and substratum than 
are typical in the Perella profile. 


Nearly all areas of the Overly soils are cultivated. 

Overly silt loam, nearly level (0 to 2 percent slopes) 
(OaA).—Most areas of this soil are on the lake plain. The 
surface layer is black, very friable silt loam 10 to 20 inches 
thick. The subsoil is very dark grayish-brown silty clay 
loam that has weak prismatic, moderate blocky, and strong 
granular structure. The substratum is light olive-brown 
silty clay loam mottled with dark brown. Included in 
the areas mapped as this soil are areas of Bearden silt 
loam smaller than 1 acre in size. 

This soil has good available moisture capacity. Perme- 
ability is moderate in the subsoil and moderately slow or 
ee in the substratum. The content of organic matter is 
high. 

Nearly all of the acreage is cultivated. Wheat, barley, 
oats, flax, corn, soybeans, and hay are the main crops 
grown, and yields are high. (Capability unit TIc-1) 

Overly silt loam, saline, nearly level (0 to 2 percent 
slopes) (ObA).—This soil is at the edge of the lake plain in 
areas affected by seepage from the Sheyenne Delta. It 
contains enough soluble salts that the growth of some 
crops is affected. The profile is similar to the one de- 
scribed for Overly silt loam, nearly level, except that 
soluble salts are within the root zone. 

This soil has good available moisture capacity. Perme- 
ability 1s moderate in the subsoil and moderately slow to 
slow in the substratum. The content of organic matter 
is high. 

Wheat, barley, flax, and hay are the crops commonly 
grown, Yields are fair in years of normal rainfall. They 
are lower in years when dry periods are long enough to 
intensify the effect of salts upon the growing crops. (Ca- 
pability unit ITTs-6) 

Overly silty clay loam, nearly level (0 to 2 percent 
slo es) (OcA}].—This soil is on the nearly level lake plain. 
Included in the areas mapped as this soil are areas of - 
Fargo and Bearden silty clay loams smaller than 1 acre 
in size. 

Available moisture capacity is good. Permeability is 
moderately slow in the subsoil and moderately slow or 
slow in the substratum. The content of organic matter 
is high. 

Wheat, barley, flax, corn, soybeans, and ha 
crops commonly grown. Yields are high. 
unit ITc-1) 

Overly-Exline complex, nearly level (0 to 2 percent 
slopes) (OxA).—This complex consists of Overly and Exline 
soils that occur in an intricate pattern. The Exline soil 
is in areas that are 6 to 12 inches lower than those oc- 
cupied by the Overly soil. In this complex the Overly 
soil is dominant, and the Exline soil occupies only 20 to 
40 percent of the acreage. The proportions of Overly and 
Exline soils vary for each area mapped. 

The Overly and Exline soils of this complex have pro- 
files similar to those described for the Overly and Exline 
series. In both soils the texture of the surface layer is 
silt loam and silty clay loam. The Exline soils have a 
thin surface layer and a claypan subsoil. In many places 
part of the claypan subsoil has been mixed into the sur- 
face layer by tillage. This exposed clayey material dis- 
perses and flows during rains. It is very sticky when wet 
and it dries to a very hard, impermeable erust (fig. 7). 

These soils have good available moisture capacity. The 
permeability of the Overly soil is moderate in the subsoil 


are the 
(Capability 
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Figure 7.—An area of Overly-Exline complex, nearly level. Part 

of the Exline subsoil has been brought to the surface by tillage, 

and it now makes up the surface layer. Where this has occurred, 
the present surface layer is dispersed, crusted, and cloddy. 


and moderately slow to slow in the substratum. The Ex- 
line soils have a subsoil and substratum that are very 
slowly permeable. 

These soils are used for growing wheat, barley, flax, 
bay, pasture, and corn. Yields are fair. (Capability unit 

s-2) 

Overly-Gardena loams, nearly level (0 to 2 percent 
slopes) {OyA).—Most areas of this complex are in the 
southwestern part of the survey area, adjacent to the till 
plain. The Overly soil occupies 55 to 75 percent of the 
acreage, and the Gardena soil occupies 25 to 45 percent. 
The prone of the Overly and Gardena soils are like the 
profiles described for the Overly and Gardena series, ex- 
cept that these soils are underlain by glacial till at a depth 
of 4 to 5 feet. 

Both of these soils have good available moisture capac- 
ity. Permeability is moderate in the subsoil and moder- 
ately slow to slow in the substratum. The content of 
organic matter is high. 

Nearly all of the acreage is cultivated. Wheat, barley, 
flax, oats, corn, and hay are the major crops, and yields are 
high. (Capability unit IIc-1) 


Parnell Series 


In the Parnell series are deep, poorly drained soils de- 
veloped in local alluvium underlain by glacial till, These 
soils are in deep, closed depressions. Except in dry years, 
they are ponded until midsummer or later. In wet years 
they are ponded during the entire growing season. The 
native vegetation was sedges, tall grasses, and rushes. 

The surface layer is black, neutral silt loam to silty clay 
loam 12 to 24 inches thick. It has crumb, granular, and 
blocky structure and is friable when moist and slightly 
sticky when wet. 

The subsoil is gray, neutral clay loam or silty clay loam 
that has distinct dark yellowish-brown and _light-gray 
mottles. It has weak prismatic and moderate blocky struc- 
ture and is hard when dry, firm when moist, and sticky 
when wet. 


The substratum is olive-gray to dark grayish-brown clay 
loam or loam strongly mottled with light gray and dark 
yellowish brown. It is calcareous in most places and mod- 
erately alkaline. 

Below the pebble-free local alluvium in the surface layer 
and subsoil are pebbles, other stones, and angular grains 
of coarse sand that are typical of glacial till. The thick- 
ness of the local alluvium varies from one area to another. 

The Parnell soils lack the gray, platy subsurface layer 
that is typical of the Tetonka soils. ‘They developed in 
local alluvium underlain by glacial till instead of in water- 
sorted lake sediments like those in which the Perella soils 
developed. They have a more mottled subsoil and sub- 
stratum than the Barnes and Svea soils. Unlike those 
soils, the Parnell soils have a subsoil where clay has ac- 
cumulated, and they lack a Jayer of lime accumulation. 
They lack the distinct layer of lime accumulation beneath 
the surface layer that is typical of the Hamerly soils. 

The Parnell soils are used mainly for pasture or grow- 
ing hay. However, some areas that have been drained are 
cultivated, and some areas that have not been drained are 
cultivated in dry years. 

Parnell soils (0 to 2 percent slopes) (Pa)—These are the 
only Parnell soils mapped in the survey area. They are in 
deep, closed depressions on the till plain. The surface 
layer is black, thick, friable silt loam and clay loam 12 
to 94 inches thick. The subsoil is gray clay loam that 
has strong, fine, blocky structure. The substratum is 
olive-gray, firm clay loam mottled with light gray and 
dark yellowish brown. 

Water is intermittently ponded on these soils, In years 
when rainfall is normal, water is ponded until Jate in 
summer. In a wet year or after a wet year, water may 
be ponded throughout the growing season. These soils 
have good available moisture capacity. Permeability is 
moderately slow in the subsoil and slow in the substratum. 
The content of organic matter is high. 

The Parnell soils are well suited to cultivation, and in 
dry years or after a succession of dry years, they can be 
cultivated. High yields of wheat, barley, millet, and flax 
are obtained if the soils are dry enough. for. cultivation. 
In most undrained areas the soils are used for grazing, 
growing hay, and supplying water for livestock. Water- 
fowl also use these areas as a resting place when they 
migrate in fall and in spring. (Capability unit IITw-2) 


Perella Series 


The Perella series consists of deep, poorly drained soils 
developed in medium-textured and moderately fine tex- 
tured sediments deposited in glacial lakes. These soils are 
in shallow depressions on the lake plain. The native 
vegetation was sedges and tall grasses. 

The surface layer is black, slightly acid or neutral silt 
loam to silty clay loam that is 10 to 20 inches thick. It 
has moderate granular and blocky structure. Where the 
surface layer is silty clay loam, it is friable when moist 
and slightly sticky and slightly plastic when wet. Where 
it is silt loam, it is very friable. 

The subsoil is olive-gray to dark-gray, neutral silty clay 
loam that is 10 to 16 inches thick and is faintly mottled 
with light gray. It has weak prismatic and moderate 
blocky structure. Distinct patches of clay films are on 
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the vertical surfaces of the aggregates. The subsoil is 
firm when moist and sticky and plastic when wet. 

The subsoil grades to a substratum of olive-gray silty 
clay loam that is mottled with yellowish brown and dark 
brown. The substratum is slightly calcareous and mod- 
erately alkaline, and it contains clusters of gypsum 
crystals. 

The Perella soils occur with the Overly, Bearden, and 
Gardena soils. They lack the distinct layer of lime ac- 
cumulation below the surface layer that is typical of the 
Bearden soils. Tho Perella soils have a more mottled 
subsoil and substratum than the Overly and Gardena soils. 
They ave finer textured than the Tiffany soils. 

The Perella soils are used mainly for grazing and grow- 
ing hay. The areas that have been drained are cultivated. 

Perella silt loam (0 to 2 percent slopes) (Pe)—This soil 
is in shallow depressions on the lake plain. The surface 
layer is black, very friable silt loam 10 to 20 inches thick, 
and the subsoil is olive-gray, firm silty clay loam. The 
substratum is olive-gray, firm silty clay loam mottled with 
yellowish brown and dark brown, 

Water is intermittently ponded on this soil. In years 
of normal rainfall and in wet years, water is ponded until 
late in the growing season. Permeability is moderately 
slow in the subsoil and slow in the substratum. This soil 
has good available moisture capacity and is high in con- 
tent of organic matter: 

In dry years or in areas where surface drainage has 
been established, this soil is well suited to wheat, oats, 
barley, flax, and other crops that are commonly grown. 
Aveas where surface drainage has not been established 
are used mainly for grazing or growing hay, but they are 
ised occasionally for growing crops. (Gipability unit 
IIw-3 

Poralla silty clay loam (0 to 2 percent slopes) (Pr).— 
This soil is in shallow depressions. It is on the lake 

lain. 
Available moisture capacity is good. Permeability is 
moderately slow in the subsoil and slow in the substratum. 
The content of organic matter is high. 

This soil is well suited to cultivation in dry years or in 
areas where it has been drained. Yields of wheat, barley, 
flax, oats, millet, and other crops commonly grown are 
very good. Areas where surface drainage has not. been 
established are used mainly for grazing or growing hay, 
but they are used occasionally for growing crops. (Ca- 
pability unit IIw-3) 


Rauville Series 


In the Rauville series are deep soils that are very poorly 
drained. ‘These soils developed in alluvium consisting of 
layers that vary in texture but that are generally medium 
textured or moderately fine textured. They are in ox- 
bows, abandoned stream channels, and on the outer edges 
of the bottom lands along streams. The native vegetation 
was sedges, rushes, and tall grasses. 

The surface layer is black, neutral to moderately alka- 
line silt loam to silty clay loam 16 to 80 inches thick. It 
has moderate granular and blocky structure and is very 
friable when moist and slightly sticky when wet. 

The surface layer grades to a subsoil of black to very 
dark gray silt loam to silty clay loam that contains a few 
thin Jayers of fine sandy loam. The number of faint 


dark-brown and dark grayish-brown mottles increases in 
the lower part of the subsoil. The subsoil is moderately 
alkaline and contains some free lime, 

The substratum consists of layers of alluvium that range 
from sandy loam to silty clay loam in texture. It is mot- 
tled with olive brown and very dark grayish brown. 

The Rauville soils have a thicker, darker surface layer 
than the Perella and Lamoure soils. They have a darker, 
grayer subsoil and a more mottled substratum than the 
La Prairie soils, Unlike the Parnell soils, which have a 
glacial till subsoil and substratum, the Rauville soils de- 
veloped in pebble-free stratified alluvium. 

The Rauville soils are used for native pasture and for 
growing hay. 

Rauville soils (0 to 2 percent slopes) (Ra)—These are 
the only Rauville soils mapped in the survey area. They 
are in oxbows, in stream channels, and on the outer edges 
of bottom lands that receive seepage from the adjacent 
higher areas. 

The surface layer is black, friable silt loam and silty 
clay loam 16 to 80 inches thick. The upper part has mod- 
erate granular structure, but the structure grades to mod- 
erate blocky in the lower part. 

The subsoil is dark-gray to olive-gray silt loam or silty 
clay loam. It has weak prismatic and moderate blocky 
structure and is mottled with dark brown and very dark 
brown. The substratum consists of sediments that are 
stratified and range from sandy loam to silty clay loam in 
texture. It ranges from gray to very dark gray in color 
and is strongly mottled with olive brown and very dark 
brown. 

The available moisture capacity is good. Permeability 
is moderately slow in the subsoil and slow in the sub- 
stratum. In most years these soils have a water table at 
or near the surface until late in summer. The water table 
is within 3 feet of the surface during the entire growing 
season. 

These soils are used for growing hay. ‘They are also 
used for grazing lateinsummer. (Capability unit Vw-1) 


Renshaw Series 


The Renshaw series consists of well-drained soils that 
are shallow over gravel and coarse sand. These soils de- 
veloped in medium-textured or moderately coarse tex- 
tured outwash over gravel and coarse sand. They are in 
nearly level to ralling areas on terraces and beach ridges. 
The native vegetation was mid and short grasses, 

The surface layer is black loam to sandy loam 4 to 10 
inches thick, It has moderate crumb and weak blocky 
structure and is very friable when moist and slightly 
sticky and slightly plastic when wet. The surface layer 
is leached of lime and is neutral or slightly acid. 

The subsoil is very dark grayish-brown to dark gray- 
ish-brown, neutral loam and sandy loam 4 to 10 inches 
thick. It has moderate prismatic structure and is friable 
when moist and slightly sticky when wet. 

The substratum consists of layers of gravel and coarse 
sand that vary greatly in thickness. The lower sides of 
the pebbles in the upper part of the substratum are heavily 
coated with lime. 

The combined thickness of the surface layer and sub- 
soil over gravel ranges from 8 to 20 inches. It is most 
commonly between 12 and 18 inches, 
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The Renshaw soils occur with the Sioux, Spottswood, 
Divide, and Fordville soils. They are deeper over gravel 
than. the Sioux soils, and unlike the Sioux soils, they have 
a distinct subsoil. They have a thinner surface layer than 
the Spottswood soils. The subsoil of the Renshaw soils 
lacks the accumulation of lime that is typical in the Divide 
subsoil. Unlike the Fordville soils, the Renshaw soils 
have a substratum of gravel and sand just below the sub- 
soil. The gravelly substratum distinguishes the Renshaw 
soils from the Barnes and Eckman soils. 

The Renshaw soils are used for pasture and crops. 

Renshaw and Sioux loams, nearly level (0 to 2 percent 
slopes) (RnA).—These soils are mostly on beach ridges and 
on the edges of terraces adjacent to the valley of the Maple 
River. The Renshaw soil occupies about 70 percent of the 
acreage, and the Sioux soil occupies about 80 percent. 

The Renshaw soil has a surface layer of black, friable 
loam 4 to 10 inches thick. Its subsoil is dark grayish- 
brown, friable loam that has prismatic structure. The 
substratum of gravel or gravelly sand is at a depth of 
10 to 20 inches, The Sioux soil has a surface layer of 
black, friable loam 4 to 8 inches thick. The surface layer 
is underlain by gravel and coarse sand. 

Available moisture capacity is low to very low in the 
Renshaw soil and very low in the Sioux. Permeability is 
moderate in the subsoil and rapid in the substratum of 
both the Renshaw and Sioux soils. 

These soils are droughty, and most areas are used for 
pasture. In cultivated areas yields are good only in years 
when the distribution of rainfall is especially favorable. 
(Capability unit VIs-2) 

Renshaw and Sioux loams, undulating (2 to 5 percent 
slopes) (RnB).—-These soils are on the convex crests and 
gentle side slopes of beach ridges. The Renshaw soil is 
dominant, but the Sioux soil occupies at least 40 percent 
of the acreage. The profiles of the Renshaw and Sioux 
soils are similar to the profiles described for the Renshaw 
and Sioux loams, nearly level, except that coarse-textured 
material is nearer the surface. 

Permeability is moderate to rapid, and available mois- 
ture capacity 1s low or very low. These soils are poorly 
suited to cultivation. If they are cultivated, they are mod- 
erately to highly susceptible to wind erosion. (Capability 
unit VIs-2) 

Renshaw and Sioux sandy loams, nearly level (0 to 
2 percent slopes) (RsA).—These soils are on nearly Jevel 
beach ridges. The Renshaw soil makes up 55 to 80 percent 
of the acreage. 

Depth to the coarse-textured substratum ranges from 8 
to 20 inches. The substratum of these soils contains less 
gravel than that of the undulating Renshaw and Sioux 
loams. 

The soils of this unit have low or very low available 
moisture capacity. Permeability is moderate to rapid. 
These soils are droughty and are highly susceptible to 
wind erosion if they are cultivated. Yields of crops grown 
on them are good only in years when the distribution of 
rainfall is especially favorable during the growing season. 
(Capability unit VIs-2) 

Renshaw and Sioux sandy loams, rolling (2 to 8 per- 
cent slopes) (RsC]——These soils are on the side slopes of 
prominent beach ridges. Their profiles are similar to the 
profiles described for the Renshaw and Sioux series, except 
that gravel and coarse sand are nearer the surface. 


These soils are droughty and have low to very low avail- 
able moisture capacity. They are poorly suited to eculti- 
vation and are highly susceptible to wind erosion if they 
are cultivated. (Capability unit VIs-2) 


Sioux Series 


In the Sioux series are excessively drained soils that are 
shallow over gravel and coarse sand. These soils devel- 
oped in medium-textured or moderately coarse textured 
outwash sediments. They are on beach ridges and ter- 
races. The native vegetation was short and mid grasses. 

The surface layer is black, neutral loam to sandy loam 4 
to 10 inchesthick. It has moderate crumb and weak blocky 
and prismatic structure and is very friable when moist and 
slightly sticky when wet. 

A substratum of stratified gravel and coarse sand is just 
below the surface layer. The upper part is calcareous, and 
the lower sides of the pebbles are coated with lime. 

The Sioux soils occur with the Renshaw soils. Unlike 
the Divide, Renshaw, Spottswood, and Fordville soils, the 
Sioux soils Jack a subsoil and have a gravelly substratum 
just beneath the surface layer. The substratum of the 
Sioux soils is gravelly instead of loamy like that of the 
Zell and Buse soils. 

The Sioux soils are used mainly for grazing. 

Sioux gravelly loam (2 to 30 percent slopes) (Sa).— 
Most areas of this soil are on the edges of terraces adjacent 
to the valley of the Maple River. Some areas are on beach 
ridges. The surface layer is dark-colored gravelly loam 4 
to 8 inches thick. It 1s underlain by gravel and coarse 
sand. 

This soil has very low available moisture capacity. It 
is too droughty for crops and is used mainly for grazing. 
It is also a source of gravel for road construction. (Capa- 
bility unit VIs-2) 

Sioux and Renshaw loams, rolling (5 to 12 percent 
slopes) (SbC).—The soils in this unit are on the side slopes 
of the higher beach ridges. The Sioux soil occupies about 
70 percent of the acreage. 

The surface layer of the Sioux soil is black loam to 
gravelly loam. It is 4 to 10 inches thick and is underlain 
by gravel and coarse sand. The surface layer of the Ren- 
shaw soil is black, friable loam that is 4 to 6 inches thick. 
The subsoil is dark grayish-brown loam that has prismatic 
structure. Depth to the substratum of gravel and coarse 
sand is 10 to 14 inches. 

The soils of this unit have very low or low available 
moisture capacity. Nearly all areas are used for pasture. 
(Capability unit VIs-2) 


Spottswood Series 


The Spottswood series consists of moderately well 
drained soils developed in medium-textured or moderately 
coarse textured sediments deposited in glacial lakes. These 
soils are in gently sloping areas near the base of the beach 
ridges. They are moderately thick over gravel and coarse 
sand. The native vegetation was tall and mid grasses. 

The surface layer is black, neutral loam to sandy loam 
10 to 22 inches thick. It has weak crumb and blocky struc- 
ture and is very friable when moist and slightly sticky 
when wet. 
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The subsoil is very dark grayish-brown to very dark 
brown, noncalcareous and neutral to mildly alkaline loam 
and sandy loam 6 to 15 inches thick. It has weak prismatic 
and blocky structure and is friable when moist and slightly 
sticky when wet. 

In most places the upper part of the substratum is gray- 
ish-brown gravelly loam to gravelly sandy loam 6 to 12 
inches thick. It contains a large amount of lime and is 
moderately alkaline. 

Stratified gravel and coarse sand underlie the limy layer 
in most places, but they are just beneath the subsoil in 
some places. Depth to the gravel and coarse sand ranges 
from 20 to more than 386 inches, but it is most commonly 
between. 24 and 36 inches. 

The thickness of the gravel and coarse sand is variable 
and becomes thinner with increasing distance from the 
crests of the beach ridges. In places the layer of gravel is 
less than. 12 inches thick. 

The Spottswood soils occur with the Fordville, Ren- 
shaw, Divide, Embden, and Gardena soils. They have a 
thicker surface layer than the Fordville and Renshaw 
soils, The Spotiswood soils are distinguished from the 
Embden and Gardena soils by the substratum of gravel 
and coarse sand. They lack the limy subsoil that is typical 
of the Divide soils. 

Most areas of the Spottswood soils are cultivated. 

Spottswood loam, loamy substratum, nearly level (0 
to 2 percent slopes) (ScA).—This soil is mainly in the beach 
aren. It ison ]ow beach ridges and in areas adjacent to the 
beach ridges where the deposits of coarse-textured ma- 
teria] are thinner than in some other areas. The surface 
layer is black, friable loam 10 to 20 inches thick, ‘The sub- 
soil is very dark grayish-brown, friable loam that has 
moderate prismatic structure. The substratum consists 
of gravel and coarse sand that is 1 to 6 feet thick over 
loam or clay loam. Depth to the substratum is 24 to 36 
inches. 

The available moistuve capacity is fair to good. Perme- 
ability is moderate in the subsoil. It is rapid in the upper 
part of the substratum and moderately slow in the lower 
part. This soil is high to moderate in content of organic 
matter. 

Most areas of this soil ave cultivated. Wheat, barley, 
flax, corn, and hay are the main crops, and yields are 
good. (Capability unit ITTs-5) 

Spottswood sandy loam, loamy substratum, nearly 
level (0 to 2 percent slopes) (SdA)—This soil is on low 
beach ridges and in adjacent areas. The surface layer 
is black, very friable sandy loam 10 to 20 inches thick. 
The subsoil is very dark grayish-brown to very dark 
brown sandy loam that has weak prismatic structure. 
Depth to the substratum is generally between 24 and 36 
inches, but it is as much as 48 inches in some places. The 
substratum is coarse textured and is 1 to 6 feet thick. It 
is underlain by loam or clay loam. 

The available moisture capacity is fair. Permeability 
is moderately rapid in the subsoil, rapid in the upper 
part of the substratum, and moderately slow in the lower 
part of the substratum, This soil is highly susceptible 
to wind erosion if it is cultivated. The content of organic 
matter is moderate to high, 

Most areas of this soil are cultivated. Yields of wheat, 
barley, oats, corn, and hay are fair to good. (Capability 
unit ITTe-6) 


Spottswood-Embden sandy loams, nearly level (0 to 
2 percent slopes) (SmA)—The soils of this complex are on 
the lower slopes of prominent beach ridges, on low beaches, 
and on terraces adjacent to stream valleys. The Spotts- 
wood soil has a profile similar to that cescribed for the 
Spottswood soils that have a loamy substratum. Guavel 
and sand are at a depth of 36 to 60 inches, however, and 
loam or clay loam are within 5 feet of the surface. The 
Embden soil has a thick surface layer of black, very 
friable sandy loam and a subsoil of sandy loam. 

Permeability is moderately rapid in the subsoil of the 
Spottswood soil and rapid in the substratum. It is mod- 
erately rapid in both the subsoil and substraimm of the 
Embden. soil. Both the Spottswood and Embden soils 
have fair available moisture capacity. These soils are 
highly susceptible to wind erosion. The content of or- 
ganic matter is moderate to high, 

Most areas of these soils are cultivated. Wheat, oats, 
corn, barley, and hay are the main crops, and yields are 
fair. (Capability unit ITTe-6) 

Spottswood-Gardena loams, nearly level (0 to 2 per- 
cent slopes) (SoA).—The soils in this complex are most: ex- 
tensive in the beach area. They are on low beach ridges 
and on terraces that are adjacent to the valley of the Maple 
River. ‘The proportions of Spottswood and Gardena soils 
are variable in clifferent areas, but the Spottswood soil is 
more extensive than the Gardena. It occupies at least 
30 percent of each area mapped. 

The Spottswood soil has a surface layer of black, friable 
loam 10 to 16 inches thick; a subsoil of very dark grayish- 
brown, friable loam; and a substratum of gravel and 
coarse sand. Depth to the substratum ranges from 36 to 
60 inches. The Gardena soil has a profile similar to the 
one described for Gardena loam, very deep, nearly level. 

These soils have good available moisture capacity. 
Permeability of the Spottswood soil is moderate in the 
subsoil and rapid in the substratum. The permeability 
of the Gardena soil is moderate in the subsoil and mod- 
erately slow in the substratum. These soils are high in 
content of organic matter. 

The soils of this complex are cultivated. Yields of 
wheat, barley, flax, oats, corn, and hay are good. (Capa- 
bility unit ITTs—5) 


Stirum Series 


In the Stirum series are poorly drained, nearly level 
soils developed in moderately coarse textured sediments 
deposited in glacial lakes. These soils have a water table 
within 5 feet of the surface in most years. The native 
vegetation was mid and tall grasses. 

The surface layer is black, calcareous and moderately 
alkaline fine sandy loam to silt loam 6 to 14 inches thick. 
Tt has weak crumb, granular, and blocky structure, and is 
slightly hard when dry, very friable when moist, and 
slightly sticky when wet. In some areas the surface layer 
is slightly saline. 

The subsoil is very dark gray fine sandy loam 10 to 20 
inches thick. It.has weak, very coarse, columnar or pris- 
matic structure. The subsoil is calcareous and strongly 
alkaline, and it contains clusters of gypsum crystals and 
flecks of soluble salts. It is hard when dry, friable when 
moist, and sticky and plastic when wet. 
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Beneath the subsoil is a layer of light brownish-gray 
fine sandy loam that has weak, coarse, columnar structure. 
This layer is strongly calcareous and strongly alkaline. It 
contains clusters of gypsum and soluble salts and is very 
hard when dry, very friable when moist, and sticky when 
wet. The lower part of this layer of lime accumulation 
grades to grayish-brown or olive-brown, strongly alkaline 
fine sandy loam that is mottled with light gray, very dark 
brown, and dark yellowish brown. The es sandy loam 
contains common segregations of gypsum crystals and is 
very hard when dry, very friable when moist, and sticky 
when wet. 

The Stirum soils are coarser textured than the Glyndon 
soils, and unlike the Glyndon soils, they have a strongly 
alkaline subsoil and weak columnar structure in the layer 
beneath the surface layer. The columnar structure and 
strongly alkaline subsoil distinguish the Stirum soils from 
the Ulen. The Stirum soils lack the leached surface layer, 
the gray subsurface layer, and the strong columnar struc- 
ture that are typical of the Exline soils, and they do not 
have the leached surface layer and subsurface layer that 
are typical of the Aberdeen soils. 

The Stirum soils are used for pasture and field crops. 

Stirum-Glyndon complex (0 to 2 percent slopes) {St).— 
The soils of this complex are in the beach area south and 
west of Embden. The Stirum soil has a surface layer of 
black, calcareous, friable sandy loam to silt loam 6 to 12 
inches thick. The subsoil is dark-gray to light brownish- 
gray, strongly alkaline and strongly calcareous fine sandy 
loam. It has coarse columnar or prismatic structure, has 
gray coatings on the surfaces of the columns and prisms, 
and contains segregations of soluble salts and gypsum. 
The substratum is light brownish gray to olive brown and 
is mottled with gray and dark yellowish brown. The 
Glyndon soil has a profile similar to the one described for 
Glyndon loam, very deep, nearly level, except that soluble 
salts are within the root zone. 

The soils of this complex have good available moisture 
capacity. The Stirum soil has a subsoil and substratum 
that are slowly to very slowly permeable. The Glyndon 
soil has moderate permeability in the subsoil and moder- 
ately slow permeability in the substratum. The content 
of organic matter is moderate in both of these soils. 

These soils are used for crops and pasture. Wheat, bar- 
ley, flax, and hay are the crops commonly grown. Yields 
are reduced by salinity. The soils are poorly suited to corn, 
and yields of small grains and hay are low. (Capability 
unit ITTs-3) 


Svea Series 


The Svea series consists of deep, moderately well drained 
soils developed in friable, loam glacial till. They are in 
nearly level or concave and gently sloping areas on the till 
plain. The native vegetation was tall grasses. 

The surface layer of these soils is black, slightly acid 
or neutral loam 9 to 20 inches thick. It has moderate 
granular and blocky and weak prismatic structure and is 
very friable when moist and slightly sticky when wet. 

The subsoil is very dark brown to very dark grayish- 
brown, loam to clay loam 4 to 12 inches thick. It has 
weak to moderate prismatic and blocky structure. Faint 
patches of clay films are on the vertical surfaces of the 
aggregates. The subsoil is friable when moist and slightly 


sticky and slightly plastic when wet. The upper part of 
the subsoil is neutral; the lower part is mildly alkaline. 

An olive-brown to grayish-brown, moderately alkaline 
layer of lime accumulation, 6 to 16 inches thick, underlies 
the subsoil. This layer has a loam texture and weak 
blocky structure, and it is friable when moist and slightly 
sticky when wet. It grades to olive-brown, moderately 
alkaline and calcareous loam that has a few distinct mot- 
tles of dark yellowish brown, yellowish brown, and very 
dark brown. 

Stones and pebbles that are typical of the glacial till 
in the area occur in varying amounts in all horizons of 
the profile and in the substratum. 

The Svea soils occur with the Barnes, Buse, Tetonka, 
and Elamerly soils. They have a thicker surface layer than 
the Barnes soils. They also have a thicker surface layer 
than the Buse soils, anc they have a distinct lime-free sub- 
soil that is lacking in the Buse soils. The Svea soils lack 
the leached, platy subsurface layer that is typical in the 
Tetonka soils, and they lack the calcareous layer of lime 
accumulation, just beneath the surface layer, that is typi- 
cal in the Hamerly soils. The Svea soils are coarser tex- 
tured than the Overly soils and finer textured than the 
Embden. They developed in unsorted glacial till instead 
of in water-sorted, pebble-free lake. sediments like those 
in which the Gardena soils developed. 

Nearly all areas of the Svea soils are cultivated. 

Svea-Barnes loams (0 to 2 percent slopes) (Sx)—The 
soils of this complex are in nearly level or gently undulat- 
ing areas of the till plain. The Svea soil is in nearly level 
and slightly concave areas, and the Barnes soil is in 
slightly higher convex areas. The proportion of the acre- 
age occupied by the Svea soil ranges from 55 to 80 
percent. 

The Svea soil has a thick surface layer of black, friable 
loam 9 to 20 inches thick. Its subsoil is very dark grayish 
brown, and it has weak to moderate, medium, prismatic 
structure. The Barnes soil has a surface layer of black, 
friable loam 6 to 8 inches thick. Its subsoil is very dark 
grayish brown and has moderate, medium, prismatic 
structure. 

Included in the areas mapped as these soils are areas of 
Flamerly soils that are smaller than 1 acre in size. Also 
included ave areas of Tetonka soils in depressions that 
are indicated by a symbol for depressions on the map. 

The soils of this complex have good available moisture 
capacity. Permeability is moderate in the subsoil and 
moderately slow to slow in the substratum. The Svea 
soils have a high content of organic matter, and the Barnes 
soils have a moclerate content. 

Most areas are cultivated. Wheat, barley, flax, corn, 
and hay are the main crops, and yields are high. (Capa- 
bility unit [Te-1) 

Svea-Hamerly loams (0 to 2 percent slopes (Sy)—The 
soils of this complex are in gently undulating areas of 
the till plain. The Hamerly soil is in convex areas that 
are slightly higher than the concave areas of Svea soil. 
The proportions of the Svea and Hamerly soils vary 
widely in different areas, but each of these soils occupies 
at least 30 percent of every area. 

The Svea soil has a profile similar to the one described 
for the Svea series. The Hamerly soil has a surface layer 
of black, friable, calcareous loam 6 to 14 inches thick. Its 
subsoil is grayish-brown to light brownish-gray, strongly 
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calcareous loam. In places tillage has brought part of the 
light-colored subsoil to the surface. 

Included in the areas mapped as this soil are areas of 
the Barnes soil smaller than I acre in size. Also included 
are areas of Tetonka soils that are shown by a symbol 
for depressions on the soil map. ; 

The soils of this complex have good available moisture 
capacity. Permeability is moderate in the subsoil and 
moderately slow or slow in the substratum. In most years 
the Hamerly soil has a water table within 5 feet of the 
surface in spring and early in summer. The Svea soil 
has a high content of organic matter, and the Hamerly 
soil has a moderate content. 

Most of the acreage is tilled. The main crops are wheat, 
barley, flax, corn, and hay, and yields are good. (Capa- 
bility unit ITe-1) 


Tetonka Series 


In the Tetonka series are deep, poorly drained soils 
developed in medium-textured local alluvium. These soils 
are underlain by glacial till. They are in small, shallow, 
closed depressions and are subject to frequent and inter- 
mittent ponding. The native vegetation was sedges and 
tall grasses. 

The surface layer is very dark gray to black silt loam 
that is slightly acid or medium acid and is 6 to 20 inches 
thick. It has moderate granular structure and is very 
friable when moist and slightly sticky when wet. 

The subsurface layer is gray to very dark gray, strongly 
acid very fine sandy loam to silt loam 2 to 10 inches thick. 
Tt has platy structure and is very friable when moist 
and slightly sticky when wet. 

The subsoil is dark grayish-brown to very dark gray, 
moderately acid to strongly acid silty clay loam to silty 
clay 14 to 24 inches thick. It has compound weak pris- 
matic and strong blocky structure. The subsoil is en- 
riched with clay that has moved downward from the 
surface layer and subsurface layer. It is hard when dry, 
firm when moist, and sticky and plastic when wet. 

The subsoil grades to a dark grayish-brown substratum. 
The texture of the substratum is generally loam or clay 
loam, but the lower part of the substratum contains layers 
of fine sandy loam in some places. The substratum has 
yellowish-brown, dark brown, and. very dark brown mot- 
tles. It is medium acid in most places, but it is mildly 
alkaline in a few places. 

In most places the surface layer is free of pebbles. The 
subsoil and substratum contain variable amounts of the 
pebbles and stones typical of local glacial til. 

The Tetonka soils occur with the Barnes, Svea, 
Hamerly, Vallers, and Parnell soils, but they have a gray, 
platy subsurface layer that is lacking in those soils. 
Unlike the Barnes and Svea soils, the Tetonka soils have 
a subsoil where clay has accumulated, instead of a subsoil 
where there are only faint patches of clay films on the 
surfaces of the aggregates. Aso, little if any lime has 
- accumulated in their ‘subsoil. The Tetonka soils have a 
noncaleareous subsoil that is lacking in the Vallers and 
Hamerly soils. 

The drained areas of Tetonka soils are cultivated. The 
undrained areas are generally pastured, but they are cul- 
tivated in dry years.. 
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Tetonka silt loam (0 to 2 percent slopes) (Tk|.—This is 
the only Tetonka soil mapped in the survey area. It isin 
shallow closed depressions and is most extensive in the 
southwestern part of the survey area. Many areas of 
this soil that are smaller than 1 acre in size are shown by 
the symbol for depressions on the soil map. The surface 
layer is black, very friable silt loam 6 to 20 inches thick. 
The subsurface layer is dark-gray, very friable silt loam 
that has strong, thin, platy structure and is strongly mot- 
tled with dark yellowish brown. The subsoil is very dark 
gray clay loam to silty clay that has strong, fine, blocky 
structure. The substratum is mainly clay loam to loam. 
In places the soil material is stratified below a depth of 
4 feet. 

In most years this soil is ponded in spring and after 
heavy rains during the growing season. It is ponded 
during the growing season in wet years. 

Permeability is hee in the aubeoit ane moderately slow 
to slow in the substratum. The available moisture capac- 
ity is good. 

This soil occurs in small areas that are managed in 
fields with other soils. It is used for pasture and field 
crops. Where surface drainage has been established, 
yields of wheat, barley, corn, and hay are good. In dry 
years undrained areas in cultivated fields are usually 
planted to late-seeded flax and millet. (Capability unit 
IIw-3) 


Tiffany Series 


In the Tiffany series are deep, nearly level, poorly 
drained soils that developed in moderately coarse textured 
sediments deposited in glacial lakes. These soils are in 
low areas. In most years the water table is less than 3 
feet from the surface in spring and early in summer. 
The native vegetation was sedges and tall grasses. 

The surface layer is black fine sandy loam 15 to 30 
inches thick. Tt has weak crumb and blocky structure 
and is very friable when moist and slightly sticky when 
wet. Where the surface layer is thicker, its lower part 
is mottled with very dark brown and dark yellowish 
brown. 

The subsoil is dark grayish-brown fine sandy loam that 
is strongly mottled with very dark brown and dark yel- 
lowish brown. It is 8 to 16 inches thick, has weak crumb 
structure, and is neutral in reaction. 

The substratum is light brownish-gray to light-gray fine 
sandy loam to loamy fine sand mottled with yellowish 
brown, dark yellowish brown, and very dark brown. The 
mottling increases with increasing depth. Generally, the 
substratum is calcareous and is mildly or moderately 
alkaline. 

The Tiffany soils occur with the Hecla, Hamar, Embden, 
and Ulen soils. They are generally finer textured than 
the Hecla and Hamar soils, and they have a more mottled 
subsoil and substratum than the Flecla and Embden soils. 
In contrast to the Ulen soils, they have a subsoil that is 
neutral in reaction. 

Most areas of the Tiffany soils are cultivated. 

Tiffany fine sandy loam (0 to 2 percent slopes) (Tf]— 
This is the only Tiffany soil mapped in the survey area. 
Tt is in small, shallow depressions in the Sheyenne Delta 
and the northern part of the beach area. The surface 
layer is black, very friable fine sandy loam, and the subsoil 
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is grayish-brown fine sandy loam. ‘The substratum is fine 
sandy loam to fine sand. The subsoil and substratum are 
mottled with dark yellowish brown and yellowish brown. 

The available moisture capacity is fair, and the per- 
meability of the subsoil and substratum is moderately 
rapid. The water table is generally less than 3 feet from 
the surface in spring and early in summer of most years. 
In years of high rainfall, however, it is at or near the 
surface during most of the growing season. The soil is 
high in content of organic matter. 

The areas of this soil are small and are generally cul- 
tivated with adjacent soils. This sot] is productive if it 
has been drained, but it is highly susceptible to wind 
erosion if it is cultivated. Corn, wheat, barley, flax, and 
hay are common crops in areas that have been drained. 
In the drier years, flax and millet are the common crops 
in areas that have not been drained. (Capability unit 
ITItw-1) 


Ulen Series 


The Ulen series consists of deep soils that are moderately 
well drained or somewhat poorly drained. These soils 
developed in moderately coarse textured to coarse tex- 
tured sediments deposited in glacial lakes. They are in 
low, nearly level areas. The water table is within 5 feet 
of the surface in most years, but it is at or near the surface 
during the entire growing season in unusually wet years. 
The native vegetation was tall grasses and sedges. 

The surface layer is black, moderately alkaline fine 
sandy loam to loamy fine sand 8 to 15 inches thick. It has 
weak crumb and blocky structure and is very friable when 
moist and slightly sticky when wet. 

The saa is very dark gray to dark grayish-brown, 
calcareous and moderately alkaline fine sandy loam to 
loamy fine sand 6 to 20 inches thick. It has weak blocky 
and crumb structure and is hard when dry, very friable 
when moist, and slightly sticky when wet. 

The underlying material is olive brown and is domi- 
nantly fine sandy loam to loamy fine sand. It is mottled 
with brown and very dark grayish brown. The number 
of mottles is greater in the lower part of the substratum 
than in the upper part. In some places layers of very 
fine sandy loam, loam, or silt loam less than 2 inches thick 
are at a cepth of 42 inches or less, 

The profile is calcareous below a depth of 10 inches. 
It is calcareous at the surface in most places. 

Ulen soils occur with the Hecla, Embden, Maddock, 
Egeland, Hamar, and Tiffany soils. Unlike the Hecla, 
Embden, Maddock, and Egeland soils, the Ulen soils have 
a strongly calcareous subsoil. The Ulen soils have a less 
mottled subsoil and substratum than the Hamar and Tif- 
fany soils, and their subsoil is calcareous instead of non- 
calcareous. 

Most areas of the Ulen soils are used for crops. 

Ulen complex, saline (0 to 2 percent slopes) {Uc}.— 
This complex consists of an intricate mixture of mod- 
erately saline and nonsaline Ulen soils. The surface layer 
of these soils is black fine sandy loam that is 8 to 15 inches 
thick. The subsoil is dark grayish-brown, strongly cal- 
careous fine sandy loam. In about half the areas, the 
subsoil contains soluble salts, and there are salts in the 
surface layer in some places. The substratum is mainly 
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fine sandy loam, but thin Jayers of loam and silty clay 
loam occur in some places below a depth of 5 feet. 

The soils of this complex have fair available moisture 
capacity and a moderate content of organic matter. Per- 
meability is moderately rapid in the subsoil and mod- 
erately rapid to moderately slow in the substratum. The 
soils are somewhat poorly drained, but the degree of wet- 
ness varies greatly. In most years the water table is at 
a depth of less than 5 feet early in the growing season. 
In seasons when rainfall is excessive, however, water may 
be ponded on the surface during much of the growing 
season. 

Most areas of these soils are cultivated, although the 
soils are highly susceptible to wind erosion if they are 
cultivated. Wheat, barley, flax, corn, and hay are the 
crops commonly grown. The soluble salts greatly reduce 
yields in dry years. (Capability unit IIIs-6) 

Ulen fine sandy loam fe to 2 percent slopes) (Uf).—This 
soil is extensive on the Sheyenne Delta and in the beach 
area. Its profile is like the one described for Ulen fine 
sandy loam in Ulen complex, saline. 

This soil has a moderate content of organic matter and 
fair available moisture capacity. Permeability is mod- 
erately rapid in the subsoil and substratum. In most years 
the water table is within 5 feet of the surface early im the 
growing season. During the rest of the growing season, 
depth to the water table varies according to the amount 
of precipitation. The water table may be at or near the 
surface during much or all of the growing season when 
there is a large amount of rainfall. Tf it is cultivated, this 
soil is highly susceptible to wind erosion. 

This soil is usecl mostly for cultivated crops. Wheat, 
barley, corn, flax, and hay are the commonly grown crops, 
but yields are only fair. (Capability unit I[Te—4) 

Ulen fine sandy loam, loamy substratum (0 to 2 per- 
cent slopes) (Um).—This soil is on the Sheyenne Delta and 
in the northern part of the beach area. The surface layer 
is black, very friable fine sandy loam. The subsoil is dark 
grayish brown and is strongly calcareous. The substratum 
is loam to clay loam and is at some depth between 86 and 60 
inches, Included in the areas mapped as this soil are small 
areas of Hecla and Embden fine sandy loams that have a 
loamy substratum. 

This Ulen soil has a moderate content of organic matter 
and fair available moisture capacity. Permeability is 
moderately rapid in the subsoil and moderately slow or 
slow in the substratum. In most years the water table is 
at a depth of less than 5 feet. early in the growing season. 
In years when the amount of rainfall has been unusually 
large, however, the water table is at or near the surface 
during much of the growing season. If this soil is culti- 
vated, it is highly susceptible to wind erosion. 

This soil is used mostly for cultivated crops. Wheat, 
corn, barley, flax, and hay are the commonly grown crops, 
but yields are only fair. (Capability unit [[Le+) 

Ulen fine sandy loam, loamy substratum (0 to 2 per- 
cent slopes) (Un).—This soil has a profile similar to the one 
described for Ulen fine sandy loam, loamy substratum, ex- 
cept that the loamy substratum is at some depth between 
20 and 36 inches instead of at a depth of 36 to 60 inches. 

This soil has a moderate content of organic matter and 
fair available moisture capacity. Permeability is moder- 
ately rapid in the subsoil and moderately slow to slow in 


40 


the substratum. In most years the water table is at a depth 
of 5 feet early in the growing season. In years when the 
amount of rainfall has been unusually large, however, the 
water table is at or near the surface during much of the 
growing season. This soil is highly susceptible to wind 
erosion. 

This soi] is used mostly for cultivated crops. Wheat, 
corn, barley, flax, and hay are the commonly grown crops, 
but yields are only fair. (Capability unit I[Te-4) 

Ulen-Gardena fine sandy loams (0 to 2 percent slopes) 
(Us)—The soils in this complex are mostly in the beach 
area north of Embden, The proportions of Ulen and Gar- 
dena soils vary in different areas, but each of these soils 
occupies at least 25 percent of every area. 

The Ulen soil has a profile like the one described for the 
Ulen series. The Gardena soil has a surface layer of black 
fine sandy loam and a subsoil of very dark grayish-brown 
loam that has prismatic structure. Tts substratum is loam 
to fine sandy loam. 

The Ulen soil has fair available moisture capacity. It 
has moderately rapid permeability in the subsoil and mod- 
erately rapid to moderately slow permeability in the sub- 
stratum. In most years the water table is within 5 feet of 
the surface during the early part of the growing season. 
The Gardena soil has good available moisture capacity. 
Permeability is moderate in the subsoil and moderately 
slow in the substratum. If these soils are cultivated, they 
are highly susceptible to wind erosion. The content of 
organic matter is moderate in the Ulen soil and high in the 
Gardena soil. 

The soils of this complex are used mostly for cultivated 
crops. Wheat, barley, corn, flax, and hay are the crops 
commonly grown, and yields are good. (Capability unit 
IT Te) 


Vallers Series 


Tn the Vallers series are deep, poorly drained soils devel- 
oped in loamy glacial till. These soils are in nearly level 
or slightly convex areas. In most years the water table is 
at a depth of less than 3 feet. The native vegetation was 
sedges and tall grasses. 

The surface layer is black to very dark gray, moderately 
alkaline loam 6 to 14 inches thick. It has moderate blocky 
and granular structure, and it is friable when moist and 
slightly sticky and slightly plastic when wet. 

The surface layer grades through a very dark gray or 
dark gray, moderately alkaline, strongly calcareous tran- 
sitional layer to a light olive-gray to gray subsoil. The 
subsoil is loam to clay loam. It has weak prismatic and 
moderate blocky structure and is hard when dry, friable 
when moist, and slightly sticky and slightly plastic when 
wet. The lower part is mottled light olive brown. 

The subsoil grades to a substratum of olive-brown to 
gray loam. The substratum is moderately alkaline and 
calcareous and is slightly to moderately same. The num- 
ber of dark yellowish-brown and yellowish-brown mottles 
increases with increasing depth. The consistence is the 
same as that of the subsoil. 

Variable amounts of pebbles and stones occur through- 
out the profile. 

The Vallers soils occur with the Barnes, Svea, Hamerly, 
and Tetonka soils. Unlike the Barnes and Svea soils, they 
have a layer of lime accumulation directly below the sur- 
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face layer. They have a more strongly mottled and a 
duller colored subsoil and substratum than the Hamerly 
soils. The Vallers soils have a zone of lime accumulation 
directly beneath the surface layer that is not present in the 
Tetonka soils. They developed in glacial till instead of 
in water-sorted glacial lake sediments like the Borup soils. 

The Vallers soils occupy only a small acreage. They are 
used mainly for pasture. 

Vallers loam (0 to 2 percent slopes) (Vr]—This is the 
only Vallers soil mapped in the survey area. It is on the 
till plain on slight rises and rims adjacent to shallow, 
closed depressions. The surface layer is black, friable, cal- 
careous loam 6 to 14 inches thick. The subsoil is olive- 
brown to gray, very strongly calcareous loam that has 
weak prismatic and moderate blocky structure. The sub- 
stratum is gray to olive-gray loam mottled with a yellow- 
ish. color. 

This soil has good available moisture capacity, Per- 
meability is moderate in the subsoil and moderately slow 
to slow in the substratum. In most years the water table 
is within 8 feet of the surface during the early part of the 
growing season. The content of organic matter is 
moderate. 

Areas of this soil are small and are generally managed 
with the Hamerly, Svea, Barnes, and other more exten- 
sive soils. In many years, however, this soil is too wet for 
cultivation and for growing crops, and most of the areas 
are used for hay or pasture. This soil is poorly suited to 
corn. Wheat, barley, and flax are grown in years that are 
not too wet. (Capability unit IIw-2) 


Zell Series 


The Zell series consists of excessively drained soils de- 
veloped in medium-textured glacial lake sediments. These 
soils are on the side slopes of stream valleys that are en- 
trenched in the Sheyenne Delta ‘and beach area. The na- 
tive vegetation was mid and short grasses. 

The surface layer is black to very dark brown, mod- 
erately alkaline loam or fine sandy loam 4 to 10 inches 
thick. It has weak crumb and blocky structure and is 
very friable when moist and slightly sticky when wet. 

The surface layer grades to a subsoil of brown to light 
yellowish-brown, calcareous and moderately alkaline silt 
loam 6 to 12 inches thick, The subsoil is very friable 
when moist and slightly sticky when wet. 

The substratum is yellowish-brown and light yellowish- 
brown, calcareous and moderately alkaline silt loam. It is 
very friable when moist and slightly sticky when wet. In 
places below a depth of 24 inches, there are layers of fine 
sandy loam less than 2.inches thick. The entire profile and 
substratum are calcareous. 

The Zell soils occur with the Eckman and Gardena soils, 
but they lack the very dark grayish-brown subsoil that 
is typical of those soils. The Zell soils lack the mottling 
in the substratum that is typical of the Glyndon soils. 
They also lack the gravelly substratum that is typical of 
the Sioux soils. Unlike the Buse soils, the Zell soils de- 
veloped in pebble-free water-sorted material. 

Areas of the Zell soils are small. They are used mainly 
for pasture. 

Zell fine sandy loam, undulating (2 to 8 percent 
slopes) (ZfB)—This soil is on the edge of the Sheyenne 
Delta and on the sides of shallow drainageways entrenched 
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in the Delta. The surface layer is black to very dark 
gray, very friable fine sandy loam 6 to 10 inches thick. 
The subsoil is brown to light yellowish-brown, calcareous, 
friable silt loam. The substratum is yellowish-brown to 
light yellowish-brown, calcareous, friable silt loam. 

The available moisture capacity is fair. Permeability 
is moderate in the subsoil and moderately slow in the sub- 
stratum. This soil is highly susceptible to wind and water 
ie The content of organic matter is moderate to 

ow. 

Most areas are cultivated. Wheat, barley, oats, and hay 
are the commonly grown crops, but yields are low. (Capa- 
bility unit TVe-4) 

Zell loam, undulating (2 to 8 percent slopes) (ZmB).— 
This soil is on the side slopes of shallow stream valleys 
entrenched in the Sheyenne Delta and beach area. The 
surface layer is black, very friable loam 6 to 10 inches 
thick. The subsoil is brown to yellowish-brown, calcare- 
ous, friable silt loam that has weak, very coarse, blocky 
structure. The substratum is generally yellowish-brown, 
friable, calcareous silt loam. Below a depth of 36 inches, 
however, it contains thin layers of fine sandy loam to very 
fine sand. 

This soil has good available moisture capacity. Permea- 
bility is moderate in the subsoil and moderately slow in 
the substratum. The content of organic matter is mod- 
erate to low. In places tillage has brought part of the 
light-colored subsoil to the surface, In these light-colored 
areas the soil material has weak structure, is low in con- 
tent of organic matter, and is highly susceptible to erosion 
by wind and water. 

Most areas of this soil are cultivated. Wheat, oats, 
barley, and hay are the main crops, but yields are low. 
(Capability unit [Ve-4) 

Zell loam, strongly rolling (8 to 45 percent slopes) 
(ZmD).—This soil is on the steep sides of deeply entrenched 
stream valleys in the Sheyenne Delta and beach area. 
The surface layer is black, friable loam 4. to 6 inches thick. 
The subsoil is ight yellowish-brown, calcareous silt loam, 
and the substratum is generally a yellowish-brown, cal- 
careous silt loam. Below a depth of 36 inches, however, 
the substratum contains thin layers of very fine sandy 
loam and fine sand. 

The available moisture capacity is good. Permeability 
is moderate in the subsoil and moderately slow in the sub- 
stratum. This soil is susceptible to water erosion because 
it has steep slopes and water runs off rapidly, The con- 
tent of organic matter is moderate to low. 

This soil is used mostly for pasture. It is better suited 
to pasture than to cultivated crops. (Capability unit 
Vie-2) 


Use and Management of Soils. 


This section discusses the use and management of the 
soils of the Tri-County Area for crops and pasture, and 
also their suitability for windbreaks, irrigation, and en- 
gineering uses. 


Management of Soils for Crops 


Soils used for field crops require management practices 
that protect them from erosion, use moisture effectively, 


and maintain fertility, the content of organic matter, and 
good tilth, In this section soils that require similar man- 
agement practices are grouped into capability units and 
these units are discussed. Also, predicted average yields 
of the principal crops are given for two levels of manage- 
ment. 


Capability Groups of Soils 


The capability classification is a grouping that shows, 
in a general way, how suitable the soils are for most kinds 
of farming. It is a practical grouping based on limita- 
tions of the soils, the risk of damage when they are used, 
and the way they respond to treatment. 

In this system all the kinds of soil are grouped at three 
levels, the capability class, subclass, and unit. The eight 
capability classes in the broadest grouping are designated 
by Roman numerals I through VITI. In class I are the 
soils that have few limitations, the widest range of use, 
and the least risk of damage when they are used. The 
soils in the other classes have progressively greater natural 
limitations. In class VIII are soils and landforms so 
rough, shallow, or otherwise limited that they do not pro- 
duce worthwhile yields of crops, forage, or wood products. 

The subclasses indicate major kinds of limitations with- 
in the classes. Within most of the classes there can be up 
to four subclasses. The subclass is indicated by adding a 
small letter, e, 2, 8, or ¢, to the class numeral, for example, 
IIe. The letter e shows that the main limitation is risk 
of erosion unless close-growing plant cover is maintained; 
aw means that water in or on the soil will interfere with 
plant growth or cultivation (in some soils the wetness can 
be partly corrected by artificial drainage); s shows that 
the soil is limited mainly because it is shallow, droughty, 
or stony, and ¢, used in only some parts of the country, 
indicates that the chief limitation is a climate that is too 
cold or too dry. 

In class I there are no subclasses, because the soils of 
this class have few or no limitations. Class V can contain, 
at the most, only subclasses w, s, and ¢, because the soils 
in it are subject to little or no erosion but have other limi- 
tations that restrict their use largely to pasture, range, 
woodland, or wildlife. 

Within the subclasses are the capability units, groups 
of soils enough alike to be suited to the same crops and 
pasture plants, to require similar management, and to 
have similar productivity and other responses to manage- 
ment. Thus, the capability unit is a convenient grouping 
for making many statements about management of soils. 
Capability units are generally identified by numbers as- 
signed locally, for example, ITe~1 or ITTe-2. 

Soils are classified in capability classes, subclasses, and 
units in accordance with the degree and kind of their per- 
manent limitations; but without consideration of major 
and generally expensive landforming that would change 
the slope, depth, or other characteristics of the soil; and 
without consideration of possible but unlikely major recla- 
mation projects. 

The eight classes in the capability system, and the sub- 
classes and units in this county, are described in the list 
that follows. 


Class I. Soils that have few limitations that restrict their 
use. (None in the Tri-County Area.) 
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Class IL. Soils that have some limitations that reduce the 
choice of plants or that require moderate conservation 
practices. 

Subclass Ile. Soils subject to moderate erosion if they 
are not protected. 

Unit Te-1. Deep, dark-colored, nearly level or 
undulating, well-drained to somewhat poorly 
drained: soils that have a medium-textured to 
moderately fine textured, calcareous surface 
layer and a seasonal high water table. 

Unit Ile-2. Deep, dark-colored, nearly level, 
well-drained soils that have a medium-textured 
surface layer. 

Unit Ile-3. Deep, dark-colored, undulating, well 
drained or moderately well drained soils that 
have s medium-textured surface layer. 

Subclass Iw. Soils that have moderate limitations 
because of excess water. 

Unit Ifw-1. Deep, dark-colored, nearly level, 
poorly drained soils that have a medium- 
textured to fine-textured surface layer and a 
fine-textured subsoil and substratum. 

Unit IIw-2. Deep, dark-colored, nearly level, 
poorly drained soils that have a medium- 
textured or moderately fine textured surface 
layer and a high water table. 

Unit IIw-3. Deep, dark-colored, nearly level, 
poorly drained soils that have a medium- 
textiired and moderately fine textured surface 
layer; in depressions and on bottom lands. 

Subclass IIc. Soils that have moderate limitations in 
the choice of plants because of unfavorable tempera- 
ture or lack of moisture. 

Unit Ilc-1. Deep, dark-colored, nearly level, 
moderately well drained soils that have a 
medium-textured to moderately fine textured 
surface layer. 

Class III. Soils that have severe limitations that reduce 
the choice of plants, or require special conservation 
practices, or both. 

Subclass IIIe. Soils subject to severe erosion if they 
are cultivated and not protected. 

Unit IITe-1. Deep, dark-colored, nearly level or 
undulating, well drained or moderately well 
drained soils that have a moderately coarse 
textured surface layer. 

Unit I1Te-2. Deep, dark-colored, nearly level to 
rolling, somewhat excessively drained or well- 
drained soils that have a moderately coarse tex- 
tured surface layer and a coarse textured sub- 
soil and substratum. 

Unit IIIe-3. Deep, dark-colored, nearly level, 
moderately well drained soils that have a mod- 
erately coarse textured surface layer and a 
medium-textured to moderately fine textured 
substratum. 

Unit I1Te-4. Deep, dark-colored, nearly level, 
moderately well drained or somewhat poorly 
drained soils that have a moderately coarse tex- 
tured surface layer and a seasonal high water 
table. 

Unit I1Te-5. Deep, dark-colored, rolling, well- 
drained or excessively drained soils that have 
a medium-textured surface layer. 


Unit IITe-6. Moderately deep or deep, dark- 
colored, nearly level to undulating, well drained 
or moderately well drained soils that have a 
moderately coarse textured surface layer and a 

ravelly substratum. 
Subclass [TIw. Soils that have severe limitations be- 
cause of excess water. 

Unit IlIw-1. Nearly level, somewhat poorly 
drained or poorly drained, slightly to moder- 
ately saline soils that have a moderately coarse 
textured surface layer. 

Unit IlIw-2. Deep, dark-colored, nearly level, 
poorly drained or very poorly drained soils 
that have a medium-textured or fine-textured 
surface layer and a seasonal high water table. 

Unit IIIw-3. Deep, dark-colored, nearly level, 
poorly drained soils that have a moderately 
coarse textured surface layer. 

Subclass IIIs. Soils that have severe limitations of 
moisture capacity or tilth. 

Unit ILIs-1. Moderately deep, dark-colored, 
nearly Jevel or undulating, well-drained soils 
that have a medium-textured surface layer 
and a gravelly substratum. 

Unit IIIs-2. Nearly level, moderately well 
drained to poorly drained soils that have a 
medium-textured and moderately fine textured 
surface layer and a dense, dispersed subsoil. 

Unit ITIs-3. Nearly level, somewhat poorly 
drained or poorly drained soils that have a 
medium-textured to moderately coarse textured 
surface layer and a dispersed subsoil. 

Unit ITIs—4. Moderately deep, nearly level, mod- 
erately well drained or somewhat poorly 
drained soils that have a medium-textured sur- 
face Jayer, a gravelly substratum, and a sea- 
sonal high water table. 

Unit IlIs-5. Moderately deep to deep, dark- 
colored, nearly level, moderately well drained 
soils that have a medium-textured surface layer 
and a gravelly substratum. 

Unit ITIs-6. Nearly level, moderately well 
drained to poorly drained, slightly to mod- 
erately saline soils that have a moderately 
coarse textured to fine-textured surface layer. 

Class IV. Soils that have very severe limitations that re- 
strict the choice of plants, require very careful manage- 
ment, or both. 

Subclass IVe. Soils subject to very severe erosion if 
they are cultivated and not protected. 

Unit IVe-1. Deep, dark-colored, nearly level, 
moderately well drained or somewhat poorly 
drained soils that have a coarse-textured surface 
layer. 

Unit [Ve-2. Deep, dark-colored, nearly level to 
undulating, well-drained to excessively drained 
soils that have a coarse-textured surface layer. 

Unit IVe-8. Deep, dark-colored, nearly level, 
moderately well drained or somewhat poorly 
drained soils that have a coarse-textured sur- 
face layer and a seasonal high water table. 

Unit IVe-4. Deep, undulating, excessively 
drained soils that have a medium-textured to 
moderately coarse textured surface layer. 
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Unit IVe-5. Deep, strongly rolling, well- 
drained and excessively drained soils that have 
a medium-textured surface layer. 

Class V. Soils not likely to erode that have other limita- 
tions, impractical to remove without major reclamation, 
that limit their use largely to pasture or range, wood- 
land, or wildlife food and cover. 

Subclass Vw. Soils too wet for cultivation; drainage 
or protection not feasible. 

Unit Vw-1. Deep, dark-colored, very poorly 
drained soils of low bottom lands. 

Class VI. Soils that have severe limitations that make 
them generally unsuitable for cultivation and that limit 
their use largely to pasture or range, woodland, or wild- 
life food and cover. 

Stibclass VIe. Soils severely limited chiefly by risk 
of erosion if protective cover is not maintained. 

Unit VIe-1. Deep, nearly level to hilly, moder- 
ately well drained to excessively drained soils 
that have a coarse-textured surface layer. 

Unit VIe-2. Deep, strongly rolling to hilly, ex- 
cessively drained or moderately well drained 
soils that have a medium-textured surface layer. 

Subclass VIs. Soils generally unsuitable for cultiva- 
tion and limited for other uses by their moisture 
capacity, stones, or other features. 

Unit VIs-1. Nearly level, poorly drained, strong- 
ly saline soils. 

Unit VIs-2. Nearly level to rolling, excessively 
drained to well-drained soils that have a me- 
dium-textured or moderately coarse textured 
surface layer and are shallow over gravel and 
coarse sand. 

Class VII. Soils that have very severe limitations that 
make them unsuitable for cultivation without major 
reclamation, and that restrict their use largely to graz- 
We neces or wildlife. (None in the Tri-County 

rea. 

Class VIII. Soils and landforms that, without major 
reclamation, have limitations that preclude their use for 
commercial production of plants and restrict, their use 
to recreation, wildlife, water supply, or esthetic pur- 
poses. (None in the Tri-County Area.) 


CAPABILITY UNIT Ie-1 


In this capability unit are deep, dark-colored soils that 
are nearly level or undulating. These soils are well 
drained to somewhat poorly drained, and they have a sea- 
sonal high water table. Their surface layer is calcareous 
and is friable or very friable loam to silty clay loam. 
Their subsoil is also friable or very friable and ranges from 
very fine sandy loam. to silty clay loam in texture. The 
soils in this unit are— 


Bearden silt loam. 

Bearden silty clay loam. 
Bearden-Overly silt loams. 

Glyndon loam, very deep, nearly level. 
Glyndon loam, very deep, undulating. 
Glyndon loam, deep, nearly level. 
Glyndon and Gardena loams, nearly level. 
Hamerly complex, undulating. 
Hamerly loam, nearly level. 
Hamerly-Barnes loams, undulating. 
Svea-Hamerly loams, 


These soils are highly productive. All of them but the 
Barnes are moderately well drained or somewhat poorly 
drained. The Barnes soil is well drained. Water enters 
these soils readily, but surface drainage is slow. In most 
years the water table is within 5 feet of the surface of the 
Bearden, Glyndon, and Hamerly soils in spring and early 
in summer. ‘Surface drains are desirable for removing the 
excess water. Permeability is moderately slow or slow. 

The soils of this unit are easily tilled, and roots pene- 
trate them readily. The content of organic matter is mod- 
erate to high. The Overly, Gardena, and Svea soils are 
moderate in content of available phosphorus and available 
nitrogen, but the content of these plant nutrients is low in 
the other soils. Crops grown on all of these soils respond 
well to applications of phosphorus and nitrogen fertilizer. 
Wheat, barley, flax, corn, oats, alfalfa, bromegrass, and 
soybeans are the crops commonly grown. 

Most areas of these soils are plowed in fall. In the 
plowed areas the surface should be left rough and cloddy 
over winter. Such a surface reduces the velocity of the 
wind passing over it and minimizes the hazard of wind 
erosion when the soils are not protected by snow, crop 
residue, or a cover crop. Good protection is provided if a 
narrow band of partly covered stubble is left at the edges 
of the furrows. Field windbreaks are effective in reducing 
the velocity of the wind and thus protecting the soils from 
wind erosion. 

In some places the surface layer is lighter colored than 
it originally was because material from the subsoil has 
been mixed into it by tillage. In these areas of mixing, the 
structure of the surface layer is more easily broken down 
than is that of the original surface layer, because the mate- 
rial from the subsoil has a high content of lime. These 
lighter colored areas are moderately susceptible to wind 
erosion. Crops grown on them are likely to show signs of 
chlorosis, a yellowing of the leaves. 


CAPABILITY UNIT Ile-2 


Only Eckman loam, nearly level, which is deep and well 
drained, is in this unit. It has a surface layer of dark- 
colored, friable loam and a subsoil of very fine sandy loam 
to silt loam. In most places the underlying material is 
coarser textured than that in the surface layer and 
subsoil. 

Permeability is moderate in the subsoil and underlying 
material, and the available moisture capacity is good. 
Roots can penetrate deeply. Tuilth is good, and this soil 
can be cultivated at a moisture content that ranges from 
near field capacity to the wilting point of most plants. 

The content of organic matter is moderate. Crops 
grown on this soil respond well to applications of phos- 
phorus and nitrogen fertilizer. The crops commonly 
grown are wheat, barley, flax, corn, oats, alfalfa, and 
bromegrass, 

Many areas of this soil are plowed in fall. In these 
areas the surface should be left rough and cloddy over 
winter, to reduce the surface velocity of the wind passing 
over it, to catch snow, and to prevent soil blowing. Field 
windbreaks also provide effective protection from soil 
blowing. 

CAPABILITY UNIT He-3 

In this capability unit are deep, dark-colored, undulat- 
ing soils that are well drained or moderately well drained. 
These soils have a surface layer of very friable loam and 
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a subsoil of friable loam. The surface layer of the Gar- 
dena and Svea soils is thicker than that of the Barnes and 
Eckman soils. The soils in this unit are— 


Barnes loam, undulating. 

Barnes-Svea loams, undulating. 

Eckman loam, undulating. 

Eckman loam, till substratum, undulating. 
Gardena loam, very deep, undulating. 

Gardena loam, moderately shallow, undulating. 


All of these soils have a moderately permeable subsoil 
and good available moisture capacity. The Gardena and 
Svea soils are moderately well drained, and the Barnes 
and Eckman soils are well drained. 

The content of organic matter is moderate to high. The 
supply of available nitrogen is moderate, and the supply 
of available phosphorus is moderate to low. Good re- 
sponse is obtained if a fertilizer containing nitrogen and 
phosphorus is applied. Wheat and barley are the main 
crops grown on these soils, but flax, corn, oats, alfalfa, and 
bromegrass are also commonly grown. 

Fall plowing and summer fallowing are common prac- 
tices. Cultivating fall-plowed fields at right angles to the 
direction of the prevailing strong winds and leaving those 
fields rough and cloddy in winter protect the soils, which 
are slightly susceptible to wind erosion. The rough sur- 
face reduces the velocity of the wind passing over it. 
Other practices that protect these soils from wind erosion 
are growing flax or some other cover crop, providing field 
windbreaks, and using wind stripcropping. 

These soils are moderately susceptible to water erosion. 
Water erosion is most likely early m the growing season 
before the crops have made enough growth to provide an 
effective cover. Itis also a hazard where the soils are sum- 
mer fallowed. Stubble mulching and maintaining a 
cloddy, porous surface layer will reduce the hazard of 
water erosion. Mulching with manure or straw also pro- 
vides protection on the crests of knolls that are most likely 
to erode during open winters. Where there are shallow 
depressions, surface drains are desirable for removing sur- 
face water. Draining the depressions makes farming op- 
erations easier and gives the farmer a wider choice of crops. 


CAPABILITY UNIT Ifw-1 


This capability unit consists of deep; dark-colored, near- 
ly level soils that are poorly drained. These soils are on 
the Jake plain. They have a dark-colored surface layer of 
silt loam to clay and a clayey subsoil and substratum. The 
soils in this unit are— 


Fargo clay. 
Fargo silt loam. 
Fargo silty clay loam. 


Permeability is slow or very slow in the subsoil and 
substratum. The available moisture capacity is good. 
In most years the water table is within 5 feet of the surface 
until midsummer. Surface drainage is slow, and drains 
are necessary to remove the excess water. 

Fargo silt loam is easily tilled. The other soils can be 
effectively tilled only within a limited range of moisture 
content, for they are hard when dry and very sticky and 
plastic when wet. The content of organic matter is high, 
and the soils have a moderate supply of available nitrogen 
and phosphorus. Good response is obtained if a fertilizer 
containing nitrogen and phosphorus is applied. Wheat, 


barley, flax, corn, soybeans, oats, alfalfa, and bromegrass 
are the crops commonly grown. 

A suitable seedbed cannot be prepared in spring unless 
these soils have been plowed in fall. Fall plowing allows 
time for the clods to slake and break down to granules 
through alternate wetting and drying and freezing and 
thawing. In areas where the texture of the surface layer 
is clay or silty clay loam, however, fall tillage creates a 
serious problem of wind erosion. The soils are especially 
susceptible to erosion if the following winter is an open 
one when the temperature rises above the freezing point 
during the day and falls below the freezing point during 
the night. Then, the clods may slake rapidly and break 
down to granules of light weight that are easily picked 
up and moved by wind. This drifting soil material ac- 
cumulates in drainage ditches and in ditches along road- 
sides. There it impedes or prevents the removal of excess 
water. 

Because of the granulation and nearly level topography, 
these soils are subject to wind erosion that starts at the 
same time throughout the entire field. This is in contrast 
to the soils of capability unit [Ie-3, which are subject to 
wind erosion that starts in small areas. A narrow band 
of partly covered stubble that extends above the surface at 
the edges of furrows will effectively protect the soils from 
winderosion. Field windbreaks are also effective. How- 
ever, a large amount of snow may accumulate in the areas 
adjacent to these windbreaks. Then, farming operations 
are delayed in spring because these soils dry slowly. 


CAPABILITY UNIT Iiw-2 


In this capability unit are deep, dark-colored soils that 
are nearly level. These soils are poorly drained and have a 
high water table. They have a surface layer of very fri- 
able loam or silt loam, and their surface layer is calcareous 
in most places. Generally, their subsoil is strongly cal- 
careous loam or silt loam, but the Arveson soil has a sub- 
soil of fine sandy loam. 

The soils in this unit are— 

Arveson loam. 
Borup silt loam. 
Vallers loam. 

In most years the water table is within 3 feet of the 
surface until midsummer. In wet years it is at or near the 
surface during most or all of the growing season. Avail- 
able moisture capacity is good. Permeability is moderate. 

These soils have good tilth, and roots penetrate them 
readily. The content of organic matter is high in the 
Arveson and Borup soils and moderate in the Vallers soil. 
The supply of available nitrogen is moderate, and the 
supply of available phosphorus is low. Crops grown 
on these soils respond well if a fertilizer containing nitro- 
gen and phosphorus is applied. 

Where surface drainage has been established, these soils 
can be used for crops. They are suited to wheat, barley, 
flax, oats, alfalfa, bromegrass, and corn. The use of the 
undrained areas for crops is controlled by the wetness of 
the soils at seeding time. In dry years, wheat, barley, and 
oats are planted after these soils have dried in spring. 
Some areas of these soils occur in fields with soils that are 
better drained, and they are used for late-seeded flax and 
millet. The undrained areas are poorly suited to corn and 
legumes. They are best treated like the soils in capability 
unit Vw-l. 
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Most of the acreage is used for pasture or native hay. 
The Arveson and Borup soils provide good sites for farm 
ponds and shallow wells that can be used as a source of 
water for livestock. 


CAPABILITY UNIT IIw-3 


In this capability unit are deep, dark-colored, nearly 
level soils that are poorly drained. These soils are on bot- 
tom lands and in depressions: ‘They have a surface layer of 
friable silt loam to silty clay loam and a subsoil of firm to 
friable silty clay loam to silty clay. The soils in this unit 
are— 

Lamoure silty clay loam. 
Perella silt loam. 
Perella silty clay loam. 
Tetonka silt loam. 

These soils have good available moisture capacity. 
Permeability is moderately slow to slow. Except for the 
Lamoure soul, these soils are generally ponded after the 
snow melts in spring and after heavy rains. The Lamoure 
soil receives some seepage from adjoining areas. 

The content of organic matter is high in all the soils of 
this unit. The supply of available nitrogen and available 
phosphorus is moderate. Good response is obtained if a 
fertilizer containing nitrogen and phosphorus is applied. 

Where surface drainage has been established, these soils 
are suited to crops. Wheat, barley, oats, flax, alfalfa, and 
bromegrass are grown in the drained areas, and yields are 
very good. The undrained areas are also used for crops 
when they are not too wet. Late-seeded flax and millet are 
commonly grown in the undrained areas, and wheat, bar- 
ley, and oats can be grown in dry years. 

The soils are usually plowed in fall. Because of their 
location in depressions and on bottom lands, plowing the 
soils in fall does not make them more susceptible to erosion. 


CAPABILITY UNIT Ilc-t 


This capability unit consists of deep, dark-colored, 
nearly level soils that are moderately well drained. These 
soils have a surface layer of dark-colored, very friable or 
friable loam to silty clay loam. Their subsoil is very 
friable or friable very fine sandy loam to silty clay loam. 
The soils in this unit are— 

Fairdale silt loam, levee. 

Gardena loam, deep, nearly level. 

Gardena loam, very deep, nearly level. 

Gardena loam, moderately shallow, nearly level. 
Gardena loam, till substratum, nearly level. 
Gardena-Eickman loams, till substratum, nearly level. 
Gardena-Glyndon loams, nearly level. 
Gardena-Glyndon loams, till substratum, nearly level. 
La Prairie silt loam. 

Overly silt loam, nearly level. 

Overly silty clay loam, nearly level. 

Overly-Gardena loams, nearly level. 

Svea-Barnes loams. 


These soils are highly productive. They have fewer 
limitations than other soils of the survey area. They have 
good available moisture capacity. Most of the precipita- 
tion. enters these soils and is available to plants. Permea- 
bility to air and water is moderate to moderately slow. 

Roots readily penetrate these soils to a great depth. All 
of these soils, except the Overly, can be easily tilled at a 
moisture content that ranges from near field capacity to the 
wilting point of most plants. In most of these soils, the 


content of organic matter is high, but itis low in the Fair- 
dale soil. Crops grown on these soils respond if a fertilizer 
containing phosphorus and nitrogen is applied, Wheat, 
barley, flax, corn, oats, alfalfa, and bromegrass are com- 
monly grown. 

Fallowing in summer is used to conserve moisture in these 
soils and to control weeds that are not easily killed by 
herbicides. The seeding of flax is sometimes delayed in 
spring, so that wild oats will have time to germinate and 
can be killed when the seedbed is prepared for the flax. 

These soils are commonly plowed in fall. Although they 
are resistant to erosion, they should be left rough and 
cloddy. A rough surface reduces the velocity of the wind 
passing over it, traps snow where it falls, and minimizes 
blowing or washing of the soil material. A narrow band 
of partly covered stubble left at the edges of the furrows 
will also protect these soils. Field windbreaks are effective 
in reducing the velocity of the wind near the surface of 
the soils, and they thus reduce wind erosion. 


CAPABILITY UNIT Ile-1 


In this capability unit are deep, dark-colored, nearly 
level or undulating soils that are well drained or moder- 
ately well drained. The surface layer of these soils is very 
friable fine sandy loam. The subsoil of the Embden and 
Egeland soils is fine sandy loam, and that of the Hecla soils 
is loamy fine sand. The soils in this unit are— 

Egeland fine sandy loam, nearly level. 

Egeland fine sandy loam, undulating. 

Embden fine sandy loam. 

Eimbden-Gardena complex. 

Fecla and Embden fine sandy loams, nearly level. 
Hecla fine sandy loam, nearly level. 

These soils have low to fair available moisture capacity 
and moderate to moderately rapid permeability. Nearly 
all the precipitation enters them, and there is little, if any, 
surface runoff. The Egeland soils are well drained, and 
the other soils are moderately well drained. 

These soils are easily tilled when the content of moisture 
is between air dry and field capacity. They are highly 
susceptible to wind erosion if they are cultivated. 

The content of organic matter is moderate. Although 
these soils are somewhat droughty, good response is ob- 
tained in most years if fertilizer is applied. The response 
to fertilizer is poor, however, in years when precipitation 
is low during the growing season. 

Corn, oats, alfalfa, bromegrass, barley, and wheat are 
commonly grown crops. In some areas and in some years, 
corn grown on these soils shows symptoms of a slight 
deficiency of zinc. 

Crop residue is left on the surface of these soils until the 
seedbed has been prepared in spring. Wind stripcropping, 
field windbreaks, and stubble-mulch tillage are practices 
used to protect these soils from erosion. Two or more 
practices that control wind erosion are required for 
protection. 

These soils are left fallow in summer to kill weeds that 
are difficult to control with the herbicides now used. Fal- 
lowing does not increase the amount of moisture stored in 
these soils, however, because the available moisture capac- 
ity is too low. In fallow fields the soils can be protected 
from erosion by using buffer strips made up of a few rows 
of corn. These buffer strips can be spaced at intervals of 
a few rods. 
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CAPABILITY UNIT IlIIe-2 


In this capability unit are deep, dark-colored, nearly 
level to rolling soils that are somewhat excessively drained 
or well drained. These soils occur in small areas. Their 
surface layer is fine sandy loam. Their subsoil is loamy 
fine sand to sand, and their substratum is also coarse tex- 
tured. The soils in this unit are— 

Maddock fine sandy loam, nearly level. 
Maddock fine sandy loam, undulating, 
Maddock fine sandy loam, rolling. 

These soils have low available moisture capacity and 
moderately rapid permeability. Most of the precipitation 
enters them, but during periods when there is a large 
amount of rainfall, much of the moisture percolates down- 
ward beyond the reach of roots. 

The content of organic matter is moderate to low. These 
soils are low in available nitrogen and available phos- 
phorus. 

The nearly level and undulating soils of this unit are 
in cultivated fields with associated soils. Commonly 
grown crops are oats, barley, wheat, alfalfa, and brome- 

rass. These soils are droughty, and they are therefore 
est suited to early maturing crops. 

These soils are highly susceptible to wind erosion if they 
are cultivated, and most of the areas are already moder- 
ately eroded. Field windbreaks, stubble-mulch tillage, 
wind stripcropping, minimum tillage, and a cropping 
system that includes grasses and legumes are effective prac- 
tices for controlling erosion. A combination of two or 
more of these practices is needed if these soils are to be 
effectively protected. 


CAPABILITY UNIT IlTe-3 


This capability unit consists of deep, dark-colored, near- 
ly level soils that are moderately well drained. These 
soils have a surface layer of very friable fine sandy loam 
or sandy loam. The Embden soil has a subsoil of fine 
sandy loam, and the other soils have a subsoil of loamy 
fine sand. All of the soils have a substratum of loam to 
silty clay below a depth of 20 to 36 inches. The soils in 
this unit are— 

Embden and Hecla fine sandy loams. 

Hecla fine sandy loam, moderately shallow, nearly level. 
Hecla sandy loam, loamy substratum, nearly level. 
Hecla-Ulen fine sandy loams, loamy substratum, nearly level. 

These soils have fair to low available moisture capacity. 
Permeability is moderately rapid in the subsoil and mod- 
erately slow to slow in the substratum. Nearly all of the 
rainfall enters these soils, and there is little, if any, sur- 
face runoff. 

The content of organic matter is moderate, and the sup- 

ly of available nitrogen and available phosphorus is low. 
Fecapk in dry years, good response is obtained from appli- 
cations of nitrogen and phosphorus fertilizer. The crops 
most commonly grown are corn, oats, bromegrass, alfalfa, 
wheat, and barley. 

If these soils are cultivated, they are highly susceptible 
to wind erosion. Crop residue from the previous year is 
often left standing until preparation of the seedbed is 
started in spring. Windbreaks, wind stripcropping, and 
stubble-mulch tillage are commonly used and are effective 
in controlling wind erosion. The soils are seldom sumimer 
fallowed, except for controlling weeds, because their avail- 
able moisture capacity is too limited for the storing of 


much moisture. Growing corn in buffer strips and keeping 
tillage to a minimum are other effective practices for 
controlling wind erosion. 


CAPABILITY UNIT IIe~4 


In this capability unit are deep, dark-colored, nearly 
level soils that are moderately well drained or somewhat 
poorly drained. These soils have a seasonal high water 
table. Their surface layer is very friable fine sandy loam 
that is calcareous in most places. Their subsoil is very 
fine sandy loam to loam, and the subsoil of the Glyndon, 
Ulen, and Gardena soils is light colored and strongly 
calcareous. The soils in this unit are— 

HWmbden-Glyndon fine sandy loams, 
Hamar-Ulen fine sandy loams, 

Hecla-Ulen fine sandy loams, nearly level. 
Ulen fine sandy loam. 

Ulen fine sandy loam, loamy substratum. 
Ulen fine sandy loam, moderately shallow. 
Ulen-Gardena fine sandy loams. 

The available moisture capacity is good in the Glyndon 
soil, low in the Hecla soil, and fair in the other soils, Per- 
meability is moderate to moderately rapid. In most years 
the water table is within 3 to 5 feet of the surface of the 
Ulen and Glyndon soils in spring and early insummer. In 
years when there is a large amount of rainfall, the water 
table is at or near the surface during most or all of the 
growing season. Nearly all of the precipitation enters 
these soils. The moisture in excess of field capacity per- 
colates downward to the water table. 

These soils have a moderate to high content of organic 
matter. The supply of available nitrogen is moderate to 
low, and the supply of available phosphorus is low. Good 
response is obtained if a fertilizer containing nitrogen and 
phosphorus is applied. 

Corn, oats, barley, wheat, flax, alfalfa, and bromegrass 
are grown on these soils, In some years seedling is delayed 
because of wetness. 

Where these soils are cultivated, they are highly sus- 
ceptible to wind erosion. Among the practices used to con- 
trol wind erosion are field windbreaks, stubble-mulch 
tillage, minimum tillage, wind stripcropping, corn grown 
in bufter strips, and management of crop residue. A 
combination of two or more of these practices is necessary 
to reduce the velocity of the wind at the surface and thus 
control erosion. 

CAPABILITY UNIT le-5 


In this capability unit are deep, dark-colored, rolling 
soils that are well drained or excessively drained. These 
soils have a surface layer of very friable loath and a subsoil 
of friable loam. The Buse subsoil is light colored and 
calcareous, The soils in this unit are— 

Barnes-Buse loams, rolling. 
Heckman loam, rolling. 

Available moisture capacity is good. Surface drainage 
is rapid, and a large amount of water runs off these soils. 
Permeability is moderate. 

The soils in this group are easily tilled at a moisture con- 
tent that ranges from the wilting point of most plants to 
near field capacity. They have 2 moderate to low content 
of organic matter. The supply of available nitrogen is 
also moderate to low, and that of available phosphorus is 
low. Good response is obtained if a fertilizer containing 
nitrogen and phosphorus is applied. Yields of wheat, 
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barley, oats, corn, flax, alfalfa, and bromegrass are fair to 
good. 

These soils are in small areas that are cultivated in fields 
with less sloping soils. They are moderately to highly 
susceptible to water erosion. Generally, the hazard of 
water erosion is reduced if the cropping system includes 
legumes and sod crops and if corn is not grown too fre- 
quently. Stubble-mulch tillage, good management of crop 
residue, and plowing in spring, if feasible, effectively 
reduce water erosion. 

The Buse soil is susceptible to wind erosion because it is 
on the crests of knolls and is more exposed to the wind 
than the other soils. The hazard of erosion is reduced by 
the use of stubble-mulch tillage, growing cover crops on 
fall-plowed or summer-fallowed fields, and practicing 
ridge cultivation. It is also reduced by leaving the surface 
rough and cloddy. Applying a mulch of straw or manure 
and using rough or emergency tillage help to protect the 
soils that are actively eroding. 


CAPABILITY UNIT Iile-6 


In this capability unit are moderately deep or deep, 
dark-colored soils that are nearly level to undulating and 
are well drained or moderately well drained. AJ] of these 
soils have a surface layer of very friable sandy loam and a 
subsoil of loam to fine sandy ‘lon The Fordville and 
Spottswood soils have a substratum of gravelly coarse sand 
and gravel at a depth of 24 to 60 inches, and the Embden 
soil has a substratum of fine sandy loam to loamy fine sand. 
The soils in this unit are— 

Fordville sandy loam, nearly level. 

Fordville sandy loam, undulating. 

Spottswood sandy loam, loamy substratum, nearly level. 
Spottswood-Embden sandy loams, nearly level. 


Available moisture capacity is fair to good. These soils 
have a moderately permeable subsoil. The Fordville soils 
are well drained, and the Spottswood and Embden soils 
are moderately well drained. Water enters them readily, 
and there is only a small amount of runoff. 

The content of organic matter is moderate to high. The 
supply of available phosphorus is low, and the supply of 
available nitrogen is low to moderate. The soils of this 
unit are suitable for cultivation. The crops commonly 
grown are wheat, corn, barley, oats, alfalfa, and hay, and 
yields are fair to good. 

Where these soils are cultivated, they are highly sus- 
ceptible to wind erosion. Field windbreaks, management 
of crop residue, stubble-mulch tillage, and wind striperop- 
ping are practices used to control erosion. Also, tillage 
is kept to a minimum and corn is planted in buffer strips. 
A combination of at least two of these practices is required 
to effectively control wind erosion. 


CAPABILITY UNIT MIw-1 


In this capability unit are soils that are generally deep 
and that are dark colored, nearly level, and somewhat 
poorly drained or poorly drained. They have a surface 
layer of fine sandy loam. The subsoil of the Arveson and 
Tiffany soils is very friable fine sandy loam. In the 
Arveson soils it is light colored and strongly calcareous. 
The Hamar soil has a subsoil of loamy fine sand. The soils 
in this unit are— 
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Arveson fine sandy loam. 

Arveson fine sandy loam, moderately shallow. 
Hamar fine sandy loam. 

Tiffany fine sandy loam. 

The available moisture capacity is fair in the Arveson 
and Tiffany soils and low in the Hamar soil. All of these 
soils have moderate permeability. In most years the 
water table is within 8 feet of the surface in spring and 
early in summer. 

These soils have a moderate to high content of organic 
matter. The supply of available nitrogen is moderate to 
low, and the supply of available phosphorus-is low. Good 
response is obtained if a fertilizer containing nitrogen and 
phosphorus is applied. 

Surface drainage is needed to remove the excess water 
and to permit timely farming operations. Where the 
drainage has been improved, the soils are suited to wheat, 
corn, barley, oats, flax, alfalfa, and bromegrass. If they 
are cultivated, these soils are highly susceptible to wind 
erosion. Practices that provide protection are wind strip- 
cropping, minimum tillage, stubble-mulch tillage, and 
field windbreaks. Also, corn is planted in buffer strips 
and grasses ‘and legumes are included in the cropping 
system. 

CAPABILITY UNIT IIw-2 

This capability unit consists of soils that are deep, dark 
colored, and nearly level. These soils are poorly drained 
or very poorly drained. They have a surface layer and 
subsoil of silt loam to clay. The soils in this unit are— 

Borup silt loam, very wet. 
Dimmick clay. 
Parnell soils. 

Generally, these soils are slowly permeable, but the 
Borup soil is moderately permeable. Except in dry years, 
the water table is at or near the surface in spring and early 
in summer. The available moisture capacity is good. 

The content of organic matter is high. The supply of 
available nitrogen and available phosphorus is moderate. 

Where drainage has been established, these soils are 
highly productive. The drained areas are suited to wheat, 
barley, oats, flax, millet, bromegrass, and corn. The un- 
drained areas are rarely seeded to wheat, barley, and oats. 
Only in dry years are late-seeded flax and millet grown. 
The undraimed areas are best treated like the soils in ca- 
pability unit Vw-1. 


CAPABILITY UNIT Illw-3 


Arveson fine sandy loam, very wet, is the only soil in 
this capability unit. This soil is deep, dark colored, nearly 
level, and poorly drained. Its surface layer is very friable 
fine sandy loam, and its subsoil is light-colored, strongly 
calcareous fine sandy loam. 

This soil has fair available moisture capacity and is 
moderately permeable. Except in unusually dry years, the 
water table is at or near the surface much of the time. 

The content of organic matter is moderate to high. 
The supply of available nitrogen is moderate, and the 
supply of available phosphorus is low. 

If drainage has been established, this soil is suited to 
wheat, barley, oats, corn, flax, millet, and bromegrass. In 
dry years late-seeded flax or millet can be grown in areas 
that have not been drained. 

If this soil is cultivated, it is highly susceptible to wind 
erosion, A combination of two or more practices that 
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control erosion are needed where crops ave grown. Surface 
drainage is necessary if crops are grown year after year. 


CAPABILITY UNIT H[s-1 


The soils of this capability unit are moderately deep, 
dark colored, well drained, and nearly level or undulating. 
Their surface layer and subsoil are friable loam, and they 
have a substratum of gravelly coarse sand and gravel at 
some depth between 20 and 86 inches. The soils in this 
unit are— 

Fordville loam, nearly level. 
Yordville loam, undulating. 

These soils have fair available moisture capacity. They 
are moderately permeable and somewhat droughty. 

The content of organic matter is moderate. The supply 
of available phosphorus and available nitrogen is low. _ 

In years when rainfall is favorably distributed during 
the growing season, good yields of wheat, barley, cats, 
flax, alfalfa, corn, and bromegrass are obtained. In dry 
years yields are only fair. 

These soils are moderately susceptible to wind erosion 
if they are cultivated. Management of crop residue, stub- 
ble-mulch tillage, minimum tillage, wind stripcropping, 
corn grown in buffer strips, and field windbreaks are prac- 
tices that are used to reduce the velocity of the wind near 
the surface of the ground. The practice of summer fallow- 
ing has little, if any, value for increasing the storage of 
moisture in these soils because of the moderate depth to 
the coarse-textured substratum. 


CAPABILITY UNIT IEs-2 


In this capability unit are nearly level soils that are 
moderately well drained to poorly drained. ‘These soils 
have a surface layer of silt loam to silty clay loam and a 
subsoil of silty clay loam to clay. The Aberdeen and 
Exline soils contain a claypan, or layer of dense, dispersed 
soil material, that severely restricts the growth of roots. 
The soils in this unit are— : 

Aberdeen silt loam. 
Fargo-Pxline silty clay loams. 
Overly-Exline complex, nearly level. 

The Fargo and Overly soils have good available mois- 
ture capacity and moderately slow to slow permeability. 
The Exline and Aberdeen soils also have good available 


Figure 8.—Area of Exline soil where yields are poor. 


moisture capacity. Because of their shallow root zone, 
however, they hold only a small amount of moisture avail- 
able to plants. 

The Aberdeen soil can be tilled without serious difficulty. 
The Exline soils are difficult to till, and they cause prob- 
lems in tilling other soils because they are randomly dis- 
tributed within areas of other soils. In many places part 
of the Exline subsoil has been brought. to the surface by 
tillage. In those areas the soil material disperses when wet 
and forms hard crusts and clods when dry. Tillage opera- 
tions, therefore, depend largely upon the content of mois- 
ture in the Exline soils. 

Wheat, barley, flax, oats, alfalfa, and bromegrass are 
grown on the Aberdeen soil. Yields on this soil are good 
in years when the distribution of rainfall is uniform 
throughout the growing season. Good yields are obtained 
on the Fargo and Overly soils, but yields are poor on the 
Exline soils (fig. 8). In fields where the Fargo and Overly 
soils are farmed with the Exline soils, yields on the Fargo 
and Overly soils are reduced in many years because farm- 
ing operations are delayed until the Exline soils are dry 
enough to till. 

CAPABILITY UNIT IIls-3 

Only soils of the Stirum-Glyndon complex are in this 
capability unit. These soils are nearly level and are some- 
what poorly drained or poorly drained. They have a sur- 
face layer of calcareous fine sandy loam to silt loam and a 
dispersed subsoil of strongly calcareous, saline fine sandy 
loam to loam. In addition, the Stirum subsoil is strongly 
alkaline and contains a large amount of exchangeable 
sodium. The soluble salts, however, counteract the effects 
of the sodium, and they limit dispersion. 

These soils have good available moisture capacity. Per- 
meability is moderate in the Glyndon soil and slow in the 
Stirum. In most years the water table is within 8 feet of 
the surface in spring and early in summer. 

The supply of available nitrogen is moderate to low. 
Thesupply of available phosphorus is low. 

These soils are used for pasture and for wheat, barley, 
oats, flax, alfalfa, and bromegrass. They are poorly suited 
to corn, and yields of hay and close-growing crops are fair. 

The chief problems in managing these soils are salinity, 
alkalinity, and wetness. A cropping system that includes, 
at regular intervals, alfalfa or other deep-rooted plants 
that require & large amount of moisture will help to lower 
the water table. This lowering takes place because deep- 
rooted plants use moisture to a greater Tot than do other 
plants. After the water table has been lowered, water that 
enters the soil will dissolve the soluble salts and move 
them deeper in thesoil. Thus, the salinity of the root zone 
is reduced. 

Summer fallowing is seldom practiced on these soils. 
When soils are summer fallowed, the water table generally 
rises, surface evaporation increases, and salts are pre- 
cipitated in the surface layer. When the water table is 
high during dry periods, the capillary water brings addi- 
tional salts to the upper part of the root zone. If the water 
table is low during ie time the soils are summer fallowed, 
salts are leached downward. The salts are leached out of 
the root zone if there is enough moisture. 


CAPABILITY UNIT ILIs-4 


Divide loam is the only soil in this capability unit. It is 
moderately deep, nearly level, and moderately well drained 
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or somewhat poorly drained. This soil has a surface layer 
of very friable loam. Just below the surface layer is light- 
colored, strongly calcareous loam. ‘The substratum is 

avel and coarse sand at some depth between 20 and 36 
inches. In most years the water table is less than 5 feet, 
from the surface in spring and early in summer. 

This soil is moderately permeable and has good to fair 
available water capacity. It is moderate in content of 
organic matter. Its supply of available phosphorus is low, 
and the supply of available nitrogen is moderate to low. 
The crops grown on this soil respond well to applications 
of a fertilizer containing nitrogen and phosphorus. 
Wheat, oats, barley, flax, corn, alfalfa, and bromegrass are 
the crops commonly grown, and yields are good to fair. 

Generally, this soil is plowed in fall. By plowing at that 
time, the wetness early in spring is avoided, and a rough, 
cloddy surface is left to protect the soil during winter. 
The hazard of wind erosion is not serious, because this soil 
is in low areas on the leeward side of beach ridges where 
it is protected from strong winds. 


CAPABILITY UNIT IIs-5 


In this capability unit are moderately deep to deep, dark-- 


colored, nearly level soils that are moderatelywell drained. 

These soils have a surface layer and subsoil of friable loam. 

The substratum of the Spottswood soils is gravel and coarse 

sand that varies in thickness and is at some depth between 

24. and 60 inches. The substratum of the Gardena soil is 

loam to fine sandy loam. The soils in this unit are— 
Spottswood loam, loamy substratum, nearly level. 
Spottswood-Gardena loams, nearly level. 

Available moisture capacity is fair to good. Permeabil- 
ity is moderate in the subsoil. It is rapid where the sub- 
stratum is gravelly and moderately slow where the sub- 
stratum is loamy. 

These soils have a high to moderate content of organic 
matter. The supply of available phosphorus is moclerate 
to low, and the supply of available nitrogen is moderate. 
Except in dry years, good response is received if a fertilizer 
containing nitrogen and phosphorus is applied. Among 
the crops grown on these soils are wheat, barley, oats, corn, 
flax, alfalfa, and bromegrass. 

Fall-plowed areas are left rough and eloddy so that these 
soils will be protected from wind erosion. Field wind- 
breaks, wind stripcropping, and stubble-mulch tillage are 
other practices used to protect these soils. 


CAPABILITY UNIT IIIs-6 


This capability unit consists of nearly level, moderately 
well drained to poorly drained soils that are slightly to 
moderately saline. The surface layer of these soils is 
fine sandy loam to silty clay loam, and their subsoil is 
clay to fine sandy loam. The subsoil of all except the 
Fargo and Overly soils is light colored and strongly cal- 
careous. The soils in this unit are— 

Bearden soils, saline. 

Fargo silty clay loam, saline. 

Glyndon and Hamerly loams, saline, nearly level. 
Overly silt loam, saline, nearly, level. 

Ulen complex, saline. 

In these soils the soluble salts in the surface layer and 
subsoil affect the growth of crops. The degree of salinity 
varies from year to year, as well as within each growing 
season. Available moisture capacity is good to fair. Per- 
meability ranges from moderate in the Ulen subsoil to 
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slow in the Fargo subsoil. In most years a seasonal water 
table is less than 5 feet from the surface of all the soils 
except the Overly. 

The content of organic matter is moderate to high. The 
supply of available phosphorus is low. Wheat, oats, bar- 
ley, flax, alfalfa, and bromegrass are commonly grown on 
these soils. Yields depend upon the amount and distribu- 
tion of rainfall, but they range from poor to good. 

Only the Ulen soil of this unit is highly susceptible to 
wind erosion if it is cultivated. A combination of two 
or more practices that control wind erosion are needed for 
effective protection. 

Salinity is the chief problem in mapping. If drainage 
is established to remove the excess surface water or to 
intercept seepage, the water table is lowered and salinity 
is reduced. The salinity will increase, however, when 
the water table is high. During periods when the water 
table is low, water enters these soils and leaches the salts 
to a depth below the root zone. If the cropping system 
includes a deep-rooted crop that requires a large amount 
of water, alfalfa for example, the water table is lowered 
and the leaching of salts out of the root zone is increased. 


CAPABILITY UNIT IVe-t 


In this capability unit are deep, dark-colored, nearly 
level soils that are moderately well drained or somewhat 
poorly drained. These soils have a surface layer and sub- 
soil of loamy fine sand. The soils in this unit are— 

Hecla loamy fine sand, loamy substratum, nearly level. 
Hecla loamy fine sand, moderately shallow, nearly level. 
Hecla soils, nearly level. 

Hecla and Hamar loamy fine sands, nearly level. 

In many places these soils have been moderately eroded 
by wind. In those areas drifted soil material has accumu- 
lated in field windbreaks and along field boundaries and 
fence lines. In eroded areas the color of the plow layer 
in many places is lighter than the color of the surface layer 
below plow depth, because drifted soil material has cov- 
ered the original surface layer. 

Available moisture capacity is low to very low. Per- 
meability is moderately rapid m the subsoil. Water enters 
these soils rapidly, and no precipitation is lost through 
surface runoff. Water in excess of field capacity perco- 
lates downward to the water table. 

The content of organic matter is moderate to high, and 
the supply of available nitrogen is moderate to low. 

Much of the acreage is cultivated. Corn, oats, alfalfa, 
bromegrass, wheat, barley, flax, and rye are grown, and 
yields are fair to good. 

These soils are highly susceptible to wind erosion if they 
are cultivated. Intensive practices that control wind ero- 
sion are needed. Minimum tillage, field windbreaks, wind 
striperopping, stubble-mulch tillage, corn planted in buffer 
strips, and the seeding of a grass-legume mixture are 
among the practices used. A combination of these prac- 
tices is necessary to provide effective protection. 

CAPABILITY UNIT IVe-2 

The soils in this capability unit are deep, dark colored, 
nearly level to undulating, and well drained to excessively 
drained. They have a surface layer and subsoil of loamy 
finesand. The soils in this unit are— 

- Maddock loamy fine sand, nearly level. 


Maddock loamy fine sand, undulating. 
Maddock loamy fine sand, modérately shallow, nearly level. 
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In most cultivated areas these soils have been moderately 
eroded by wind. Drifted soil material has accumulated in 
places along field boundaries and fence lines. These soils 
Haye very low to low available moisture capacity and are 
droughty. Permeability is rapid. 

The content of organic matter is moderate. The supply 
of available nitrogen and available phosphorus is low. 
The soils in this unit are used for native pasture and for 
crops, mainly alfalfa, bromegrass, corn, and oats. Yields 
are low. 

Because these soils are highly susceptible to wind ero- 
sion, a combination of practices is necessary to effectively 
protect them if they are cultivated. The commonly used 
practices are managing crop residue, providing field wind- 
breaks, using stubble-mulch tillage, keeping tillage to a 
minimum, and wind stripcropping. 


CAPABILITY UNIT IVe-3 


Only Hamar-Ulen loamy fine sands is in this capability 
unit. “The soils of this complex are deep, dark colored, 
and nearly level. They are moderately well drained or 
somewhat poorly drained and have a seasonal high water 
table. The surface layer of these soils is loamy fine sand, 
and their subsoil is fine sandy loam to loamy fine sand. 
The Ulen subsoil is light colored and strongly calcareous. 

These soils have very low or low available moisture 
capacity and moderately rapid permeability. All of the 
moisture from precipitation enters them. The moisture 
in excess of field capacity is added to the water table. In 
most years the water is within 3 to 5 feet of the surface, 
but in wet years it is at or near the surface during much 
or all of the growing season. 

The content of organic matter is moderate. The supply 
of available nitrogen and available phosphorus is low. 

Most of the acreage is used for pasture, Jixcept in dry 
years, cultivated areas are seeded late. Millet, corn, oats, 
and bromegrass are grown, and yields are fair. 

These soils are highly susceptible to wind erosion. 
Wind stripcropping, minimum tillage, stubble-mulch til- 
lage, field windbreaks, sod crops, and corn in buffer strips 
are practices that effectively control erosion. A combina- 
tion of these practices is necessary for effectively protect- 
ing the soils from wind erosion. 


CAPABILITY UNIT IVe-4 


In this capability unit are deep, undulating soils that 
are excessively drained. These soils have a surface layer 
and subsoil of friable loam to fine sandy loam. Their 
subsoil is light colored and caleareous. In places tillage 
has mixed part of the subsoil with the surface layer. ‘The 
soils in this unit are— 

Zell fine sandy loam, undulating. 
Zell loam, undulating. 

These soils have good available moisture capacity and 
moderate permeability. Water enters them readily, but 
much of the moisture received in heavy rains is lost 
through surface runoff. 

The content of organic matter is moderate to low. The 
supply of available phosphorus and available nitrogen is 
low. Good response is obtained if a fertilizer containing 
nitrogen and phosphorus is applied. 

Most of the acreage is cultivated with adjacent soils. 
Wheat, barley, flax, oats, alfalfa, and bromegrass are the 


main crops, but corn is also grown. Yields are fair to 
good. 

Water erosion is the main hazard. Practices that reduce 
the hazard of water erosion are minumum tillage, stubble- 
mulch tillage, and a suitable cropping system. This crop- 
ping system includes bromegrass and alfalfa, but corn is 


not grown frequently. 


CAPABILITY UNIT IvVe-5 


Only Barnes-Buse loams, strongly rolling, is in this 
capability unit. The soils of this mapping unit are deep 
and well drained or excessively drained. They are on the 
side slopes of stream valleys that are entrenched in the till 
plain. Their surface layer and subsoil are loam. The 
Buse subsoil is light colored and calcareous. 

These soils have good available moisture and are moder- 
ately permeable. Water enters them readily, but much of 
the moisture received during heavy rains is lost through 
surface runoff. 

The content of organic matter is moderate to low. The 
supply of available nitrogen and available phosphorus is 
ow. 

Most of the acreage is in pasture, but some areas are 
cultivated along with adjacent soils. Wheat, barley, 
alfalfa, and bromegrass are the main crops, and yields 
are fair to good. The soils are poorly suited to corn be- 
cause they are rolling and water erosion is a hazard. 

Including grasses and alfalfa in the cropping system is 
a good practice for controlling erosion. Dither practices 
that effectively control water erosion are stubble-mulch 
tillage, minimum tillage, and planting across the slope, 
where feasible. 


CAPABILITY UNIT Vw-1 


In this capability wnit are deep, dark-colored, very 
poorly drained soils. These soils are on low bottom lands. 
The texture of the surface layer and subsoil ranges from 
loam to silty clay loam. The soils in this group are— 

Alluvial land. 
Rauville soils. 

These soils are too wet for cultivation, and the estab- 
lishment of artificial drainage is seldom feasible. In 
most, years the water table is at or near the surface until 
early summer and is within 8 feet of the surface through- 
out the growing season. During wet years the water table 
remains at or near the surface. 

The dominant vegetation on these soils is sedges, prairie 
cordgrass, rushes, and cattails, Slough sedge and prairie 
cordgrass provide a large amount of forage that becomes 
coarse and unpalatable unless it is closely grazed. Where 
close grazing 1s not practical, mowing will permit a new 
growth that ismore palatable. Reed canarygrass and Gar- 
rison creeping foxtail are adapted tame grasses that grow 
well in areas subject to prolonged flooding. 


CAPABILITY UNIT Vie-1 


In this capability unit are deep, nearly level to hilly soils 
that are moderately well drained to excessively drained. 
The surface layer of these soils is loamy fine sand to sand, 
and their subsoil is fine sand or loamy fine sand. The 
thickness of the surface layer varies, but the Hecla soils 
have a surface layer that is as thick as 40 inches in a few 
places. The soils in this unit are— 
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Heela fine sand, nearly level. 

Hecla-Hamar complex, hummocky, eroded. 
Maddock soils, hilly. 

Maddock-Hamar complex, severely eroded. 

All of the precipitation enters these soils, but the avail- 
able moisture capacity is low to very low and permeability 
is moderately rapid. In most years the Hamar soils have 
a seasonal high water table within 5 feet of the surface. 
The soils of the Hecla~-Hamar and Maddock-Hamar com- 
plexes have been severely eroded by wind. The hilly Mad- 
dock soils are in duned areas. 

Big bluestem, switchgrass, sideoats grama, and indian- 
grass are common on the Hecla soils, and prairie cordgrass 
and slough sedge grow extensively on those soils in wet 
years. On the Hamar soils, big bluestem, switchgrass, 
prairie cordgrass, and slough sedge are the common plants; 
in wet years cattails and rushes flourish. Sand bluestem, 
prairie sandreed, Canada wildrye, sideoats grama, and 
little bluestem are native grasses on the Maddock soils. 

The soils of this unit are highly susceptible to erosion. 
Their surface soil is loose. Erosion may be started if live- 
stock are allowed to graze closely or trample the soils ex- 
cessively, so that the cover of plants is reduced or destroyed 
(fig. 9). A mulch can be applied on areas without cover, 
such as blowouts and drifts, and those areas can be excluded 
from grazing until a cover of plants is reestablished. 


CAPABILITY UNIT VIe~2 


In this capability unit are deep, strongly rolling to hilly, 
channeled soils that are excessively drained or moderately 
well drained. Except for the La Prairie and Fairdale 
soils, these soils have a thin surface layer of loam and a 
subsoil that is calcareous and loamy. The La Prairie and 
Fairdale soils are in narrow, channeled areas of bottom 
lands adjacent to streams. They are moderately well 
drained and are occasionally flooded. The soils in this 
unit are— 

Buse loam, hilly. 
La Prairie and Fairdale soils. 
Zell loam, strongly rolling. 

On the Buse and Zell soils, the native vegetation was 

little bluestem, western wheatgrass, needle-and-thread, 


Figure 9.—An area of Maddock soils where excessive trampling has 
damaged the vegetation and erosion has begun. 


blue grama, needleleaf sedge, fringed sagewort, and silver- 
leaf scurfpea. On the Fairdale and La Prairie soils, it 
was ash, American elm, big bluestem, switchgrass, and 
snowberry. Bluegrass is now dominant in many areas. 
Overgrazing increases the number of less desirable plants, 
reduces the cover of plants, and increases runoff and water 
erosion in the steeper areas. 


CAPABILITY UNIT VIs-1 


In this capability unit are nearly level, poorly drained 

soils that are strongly saline. The soils in this unit are— 
Exline complex. 
Glyndon-Borup loams, strongly saline, nearly level. 

These soils are not suited to crops, because they are 
strongly saline. Also, the Exline soils have a dense, 
strongly alkaline claypan. 

The native vegetation was inland saltgrass and western 
wheatgrass. On much of the Glyndon-Borup complex, 
the dominant vegetation is now inland saltgrass. Ken- 
tucky bluegrass grows in some areas of the Exline complex. 

Some of the acreage that has been cultivated in the past 
has been seeded to grass for tame pasture. Western 
wheatgrass is an adapted native grass on these soils. Be- 
cause it germinates and develops a stand slowly, it should 
be seeded with slender and intermediate wheatgrasses that 
establish a vigorous stand in a short time but die out after 
2or 3 years of use. 


CAPABILITY UNIT VIs-2 


In this capability unit are nearly level to rolling soils 
that are excessively drained to wall crammed: These soils 
have a surface layer and subsoil of loam, gravelly loam, 
or sandy loam. In most places they are shallow, or less 
than 15 inches deep, over a substratum of gravel and coarse 
sand. The soils in this unit are— 

Renshaw and Sioux loams, nearly level, 

Renshaw and Sioux loams, undulating. 

Renshaw and Sioux sandy loams, nearly level. 

Renshaw and Sioux sandy loams, rolling. 

Sioux gravelly loam. 

Sioux and Renshaw loams, rolling. 

The soils of this unit are permeable. They have low 
available moisture capacity and are droughty. 

Some areas are cultivated. Wheat, corn, oats, alfalfa, 
and bromegrass are grown, but yields are poor. Many 
areas have been seeded to alfalfa and bromegrass and are 
used for tame pasture and hay. Crested wheatgrass is well 
suited to these soils. The native vegetation was blue 
grama, western wheatgrass, needleleaf sedge, needle-and- 
thread, and fringed sagewort. 


Predicted yields 


Table 4 gives estimated crop yields per acre under two 
levels of management for each soil mapped in the Tri- 
County survey area. The yields shown in columns A are to 
be expected under average management, Those shown in 
columns B are to be expected if the farmer uses the best 
techniques and management practices available at the pres- 
ent time. 

Some farmers are now exceeding the yields estimated 
in columns B. It is expected that yields will increase in 
the future, as improved varieties of plants are grown, new 
techniques are developed, and additional knowledge is 
gained from research and experience. The following are 
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TaBLe 4.—Predicted estimated average acre yields of the principal crops under average and vmproved management 


Soil 


Aberdeen silt loam__-.--.--------------------------------- 
Alluvial lands i-2se-222soseceeeee cet beecietec ne ceeeads 
Arveson fine sandy loam !__-_.-.__-------------------------- 
Arveson fine sandy loam, moderately shallow }__ ~~. eee rea eee 
Arveson fine sandy loam, very wet !.--.--.------------------ 
Arveson loath? oo onde woe en tank ac oe See e gee eee eee eee 
Barnes loam, undulating.----.--.-------------------------- 
Barnes-Buse loams, rolling--._.--..------------------------ 
Barnes-Buse loams, strongly rolling 
Barnes-Svea loams, undulating------ 
Bearden silt loam__.-.-------------- 

Bearden silty clay loam_-.-_-..----------------- 

Bearden soils, saline....-.--------------------------------- 
Bearden- Overly silt loams__.--.--------------------------- 
Borup silt-loam:t... -o25. 22s ee eee ce eeu ee de Seca cece 
Borup silt loam, very wet !__...-_-.------------------------ 
Bise:loam;. hilly-.2 ci gee usta eet ee eek oe cere ee eee se ccs 
Diminick clay .222¢ 4 Seco sose ee ch usee ues ete aheo teens 
Divide:loam 2.22 2a 25 Seda be he eed ea oedema see es 
Eckman loam, nearly level.__-.---------------------------- 
Eckman loam, undulating. .-.-.--------------------------- 
Eckman loam, rolling. .-.----.-------------------------+-- 
Eckman loam, till substratum, undulating. ~..--------------- 
Egeland fine sandy loam, nearly level__-_.------------------ 
Egeland fine sandy loam, undulating-----------------~--+---- 
Embden fine sandy loam___-_-_--------------------------- 
Embden-Gardena complex_---------- -5 
Embden-Glyndon fine sandy loams._-.----- a 
Embden and Hecla fine sandy loams._.---.------------ ae 
Wxline: complexssss-cscesSsst cake e tee ede ee eh coun ds Jeet! 
Fairdale silt loam, levee__.---...-------------------------- 
Fargo clayece siccsio2c eles cesses eee ee eee ee eee 
Fargo silt loaMesusesctoduect cscs, See see sate es Sete see ce 
Fargo silty elay loam_____.---.---------------------------- 
Fargo silty clay loam, saline..__-.--.------ eee re eae ea 
Fargo-Exline silty clay loams___..-.---.-------------------- 
Fordville loam, nearly level__.--------------- NE gs cies 
Fordville loam, undulating...-.-.-------------------------- 
Fordville sandy loam, nearly level. -..---------------------- 
Fordville sandy loam, undulating. _..__---.----------------- 
Fresh water marsh..-_-.-__------------------------+------- 
Gardena loam, very deep, nearly level...-..----------------- 
Gardena loam, very deep, undulating____.------------------ 
Gardena loam, deep, nearly level..--.---.------------------ 
Gardena loam, moderately shallow, nearly level---- 
Gardena loam, moderately shallow, undulating -- - -- 
Gardena, loam, till substratum, nearly level___--------------- 
Gardena-Eckman loams, till substratum, nearly level__..---.-- 
Gardena-Glyndon loams, nearly level___--------------------- 
Gardena-Glyndon loams, till substratum, nearly level__~.----- 
Glyndon loam, very deep, neatly level.......---------------- 
Glyndon loam, very deep, undulating. .-....------------.--- 
Glyndon loam, deep, nearly level. ..---.-------------------- 
Glyndon-Borup loais, strongly saline, nearly level_.--_-_------ 
Glyndon and Gardena loams, nearly level....---------------- 
Glyndon and Hamerly loams, saline, nearly level_.----.-~---- 
Gravel pits. 22200802 £2 io nein a et la Ste 
Hamar fine sandy loam___.---------.---------------------- 
Hamar-Ulen fine sandy loams...------.-------------------- 


Hamerly complex, undulating. .-...------------------------ 
Hamerly loam, nearly level_.-.--.------------------------- 
Hamerly-Barnes loams, undulating_-__.....----------------- 
Heela fine sand, nearly level-_-...-------------------- 

Heela fine sandy loam, nearly level...-.--------------- 

Hecla fine sandy loam, moderately shallow, nearly level 
Hecla loamy fine sand, loamy substratum, nearly level. _.----- 
Hecla loamy fine sand, moderately shallow, nearly level 
Hecla sandy loam, loamy substratum, nearly level__---------- 
Hecla soils, nearly level_._.-------------------------------- 


See footnote at end of table. 


Wheat 
A B 
Bu. Bu, 
16 20 
ts iat 24 
dts ed 24. 
eee 24 
Koeues 26 
20 28 
14 20 
12 18 
22 30 
28 38 
28 38 
16 22 
28 38 
paar 26 
mete one! 26 
Banas 32 
18 22 
20 27 
18 26 
14 20 
18 26 
14 20 
14 20 
18 24 
22 30 
22 30 
16 22 
22 33 
25 32 
25 82 
25 32 
16 22 
15 20 
14 20 
14 20 
12 18 
12 18 


Oats 
A B 
Bu. Bu. 
35 45 
Meda 48 
Ee ace 48 
cane 48 
Paes 50 
42 58 
30 40 
22 34 
44 60 
55 70 
55 70 
27 34 
55 70 
ie Rhee 50 
Bodacs 50 
Se Sele 55 
35 45 
40 50 
35 45 
30 40 
40 50 
28 40 
28 40 
35 45 
40 50 
40 50 
30 40 
40 60 
42 60 
42 60 
42 60 
25 40 
22 38 
30 40 
30 40 
25 35 
25 35 


Barley 
A B 
Bu, Bu, 
22 30 
Lees de 32 
Re Ne 32 
Sarees 32 
ena! 84 
30 36 
22 30 
16 24 
30 38 
36 48 
36 48 
24 35 
36 48 
bows 34 
setae 34 
een 42 
20 28 
27 35 
25 34 
22 28 
25 34 
20 28 
20 28 
22 30 
30 40 
28 38 
20 28 
30 42 
32 42 
82 42 
32 42 
20 32 
20 28 
20 26 
20 26 
17 24 
17 24 


Corn 
A B 
Bu. Bu. 
27 35 
Aen 55 
eee 55 
Shh es 55 
32 45 
30 40 
85 48 
50 65 
50 65 
25 34 
50 65 
Sees ei 55 
Sie soem 50 
30 40 
35 50 
32 45 
30 40 
35 50 
30 40 
30 40 
35 55 
35 55 
30 55 
35 50 
30 55 
40 55 
40 55 
40 55 
22 35 
18 30 
26 40 
26 40 
22 35 
20 35 


Adapted hay 


A B 
Tons Tons 
2. 6 
1.2 1.5 
12 15 
1.2 15 
14 1.8 
L2 15 
1.0 12 
17 2.0 
2.7 3. 5 
27 3.5 
1.8 2.5 
2.7 3.5 
1.2 1.6 


Perper ein 


Pree PeNNNS, 


YNNONNNS 
Ris fat 
CONTNT ATT On 
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TasLe4.—Predicted estimated average acre yields of the principal crops under average and improved management—Con. 


Wheat Oats Barley Corn Adapted hay 
Soil 
A B A B A B A B A B 
Bu, Bu. Bu, Bu. Bu. Bu. Bu. Bu, Tons Tons 

Hecla and Embden fine sandy loams, nearly level___-.-------- 16 22 30 40 22 28 30 50 1.2 L8 
Hecla~-Hamar complex, hummocky, eroded__.---.-___-----_.-|---_--|------|------|------j------|------|------|------|------j|------ 
Hecla and Hamar loamy fine sands, nearly level____.------=-- 10 16 20 30 16 22 25 40 1.2 2.0 
Hecla-Ulen fine sandy loams, nearly level__.-.--------------- 16 22 30 40 22 28 30 45 1.2 2. 2 
Hecla-Ulen fine sandy loams, loamy substratum, nearly level _-- 16 22 30 40 22 28 30 45 15 2.5 
Lamoure silty clay loam_------.------.-------------------- 1.5 2.5 
La. Praitie-and: Wairdale:soilss2 2222-2 o2ei5 oe oad eee st see ed leetece a ceke ee okt ne Sots Lote ie eo eee ee Se et 
La Prairie silt loam_---..-.-...-------------------- 3. 2 
Maddock fine sandy loam, nearly level 15 
Maddock fine sandy loam, undulating.___------.-.---------- 15 
Maddock fine sandy loam, rolling...-.---------.-_---------- 1.5 
Maddock loamy fine sand, nearly level 15 
Maddock loamy fine sand, undulating.-_..-_---------------- 15 
Maddock: soils hilly2i420 2.2¢ owe he ate es se |e sats aaa Neocon Aoi Neate “oe Or endef el 
Maddock loamy fine sand, moderately shallow, nearly level__-- 9 12 20 25 12 16 18 32 10 1.5 
Maddock-Hamar complex, severely eroded__.-_--------------|------|------|------|-----.|------|------|------]------|------|------ 
Overly silt loam, nearly level.._._.--.-.-------------------- 28 38 55 75 38 50 45 65 2. 2 3.2 
Overly silt loam, saline, nearly level___._._.------------.---- 16 22 30 40 24 30) |aesc- lisse 10 1.5 
Overly silty clay loam, nearly level____-_._------------------ 28 38 55 75 38 50 45 65 2.2 3. 2 
Overly-Exline complex, nearly level_-...-.-.-..-.-.--------- 15 20 30 40 20 265 2a cba ew 1.8 2.5 
Overly-Gardena loams, nearly level_._-...-.----.----.------ 28 38 55 75 38 50 45 65 2.2 3. 2 
Parnell:soils"- see esc sdoc ce see bene te Renee ee 304 |hen285 60 |__---- 40 |_-___- 55) |Lscess 2.5 
Perella silt l0am.'. 5.2 ee occc ee cht cl bee dees lebeusncesesleeed es 32) |saeecs 60 |_----- 40 eee od 55 15 2.5 
Perella silty clay loam !_____..-.-.-..---------------------|------ 82) [-o6Se5 60 |-.---- 40 |_------ 55 15 2.5 
Rauville soils___....-.------------------------------------ 
Renshaw and Sioux loams, nearly level_-__- 
Renshaw and Sioux loams, undulating 
Renshaw and Sioux sandy loams, nearly level 
Renshaw and Sioux sandy loams, rolling.....-..----.--------|------|------|__----|------|--._-_|.-..--]------|-.---_|------]------ 
Sioux: pravelly loam. : 2. 2. fae se ee eee IR oe ee ol le si eee Ee el HS al te le a 
Sioux and Renshaw loams, rolling._-._-.-.....-.---_-._---_-|------]--_---|.----_|-_----|-_--___|----|-----_fee [eee fee 
Spottswood loam, loamy substratum, nearly level_....-------- 20 26 40 50 24 34 30 45 1.5 2.2 
Spottswood sandy loam, loamy substratum, nearly level_-_-.—-_ 16 20 30 40 22 28 30 45 14 2.0 
Spottswood-Embden sandy loams, nearly level._.-_.--------- 16 20 30 40 22 28 35 50] 14 2.0 
Spottswood-Gardena loams, nearly level_......--_..--------- 22 30 40 55 28 38 35 55 1.5 2.2 
Stirum-Glyndon complex..--.------------------------------ 12 16 20 25 16 20 iso s0s|bepeice 1.0 15 
Svea-Barnes loams..._-..--------------------------------e 26 34 45 60 32 44 35 55 | 1.5 2. 2 
Svea-Hamerly loams_..-.--------.---------------+-------- 24. 32 40 55 28 38 82 50 15 2.2 
Tiffany fine sandy loam___---.------____-_-------.--------- 14 24. 30 45 22 30 30 55 14 2.0 
Tetonkasiltilogm-t: . sso sce eer tocecent eects Uedeeecfec chee 30) jezee es 60 |_.---- AQ eee 45 1.5 2.5 
Ulen complex, saline._-.-------.-.-------------------- eee 12 16 20 30 17 pal i ee ce par 1.0 15 
Ulen fine sandy loam__._..-....--------------------------- 16 24 30 40 24 380 35 55 L4 2.0 
Ulen fine sandy loam, loamy substratum__...-.-_-.---------- 16 24 30 40 24 30 26 55 1.5 2.0 
Uien fine sandy loam, moderately shallow. 15 24 30 40 24 30 26 55 1.5 2.0 
Ulen-Gardena fine sandy loams. _.-.------- 20 28 40 50 30 38 32 60 17 2.2 
Vallers:loam. J2csiiscoscessee set c ces sousie ee cease cesows 19 24 35 50 28 30 24 40 12 1.6 
Zell fine sandy loam, undulating 12 18 25 35 17 DA nse whl ee 1.0 1.3 
Zell loam, undulating-.-..---------.---------- +e een 12 18 25 35 16 p71) Fal Wee) eeerres 1.0 15 
Zell loam stronely:rollings 2252 oo csce. ceded week jeduuuee (bocess Meee oa)|oSeicee loose ole dene alsetene bbe cell Sceeeu 1.0 1.3 


1 Yields are for drained areas only. 


among the management practices used to obtain the yields 


shown in columns B: 


Erosion is effectively controlled. 


a 


A proper planting rate is used. 
Weeds, insects, and diseases are controlled. 


o> OX ye Co 


based on the results of soil tests. 
The soils are adequately drained. 
A good cropping system is used. 


St 


Only the best varieties of seed are selected for 
planting, and only seed of good quality is planted. 


Tillage, seeding, and harvest operations are timely. 
The kinds and amounts of fertilizer applied are 


Management of Soils for Pasture 


The grazing season in the Tri-County survey area is 


about 6 months long. It extends from early in May to 


early in November. 
area are mainly on the Hecla, Hamar, and Ulen soils of 


The native pastures in the survey 


association 5; on the Maddock and Hamar soils of associa- 
tion 7; on the Renshaw and Sioux soils of association 9; and 


on the Ulen and Heela soils of association 11. 


Native pastures produce the best yields when part of 


the growth is allowed to remain from one season to the 


next. Also, in pastures where part of the growth is al- 
lowed to remain until the next season, a larger proportion 
of the stand consists of adapted and desirable grasses than 
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where most of the growth is removed each season. If the 
native pasture on well-drained soils is to remain in good 
condition, about half of the annual growth should be left 
at the end of the season. On somewhat poorly drained or 
poorly drained soils, where the growth of the grasses is 
more luxuriant than on well-drained soils, about one- 
fourth of the annual growth should remain. 

Some native grasses are weakened and eventually die if 
they are grazed every spring. Therefore, grazing should 
be rotated between different pastures in spring, so that 
the same pasture will not be grazed in spring for 2 suc- 
cessive years. This practice of rotating pastures also helps 
to maintain the vigor of the desirable grasses. If it is not 
practical to rotate spring grazing on native pasture, tame 
pasture should be provided for grazing early in the season. 

Pastures in poor condition as the result of heavy grazing 
can be improved by fertilizing, controlling weeds, and ex- 
cluding livestock from grazing. Limited. trials indicate 
that a nitrogen fertilizer may be effective in restoring the 
vigor of native grasses that have been overgrazed. In 
pastures that are very weedy, the grasses are weakened 


and yields are lowered as a result of competition with 
weeds. Controlling the weeds by spraying with a chemical 
has proved to be effective in increasing both the yield and 
the vigor of the grasses. 

Tame pastures in the survey area commonly consist of 
a mixture of bromegrass and alfalfa, which are adapted 
to all the soils suitable for cultivation. They should be 
managed so that grazing is begun when the plants have 
grown to a height of about 6 inches. The stocking rate 
on these pastures should be high enough that both the grass 
and alfalfa are grazed. When the plants have been grazed 
until their height is only about 3 inches, livestock ought 
to be moved to another pasture until the plants have again 
attained a height of 6 to 8 inches. A low grazing rate 
results in heavy grazing of the alfalfa and light grazing of 
the grass. If the grass develops seedstalks, clipping is 
necessary in pastures that are lightly grazed. 

Tame pastures that consist of grasses, without legumes, 
ought to have a nitrogen fertilizer added. Field trials 
indicate that when a nitrogen fertilizer is added to these 
pastures yields of forage and the content of protein are 


Tane 5.—Estimated height, m feet, of mature 


[Absence of a figure indicates that the site is not suitable 


Shrubs 


Soil series 
Caragana, 


Chokecherry 


Honey- 
suckle 


Russian- 
olive 


Lilac Plum 


AUCTACON ets cod ariel pene aed ot ests Glee yeeeaslel Ss 


Arveson ! 


Beeland soto pee eeess te easeccsad cuss eee ses! 
Embdéna 22 sev eee ee Seer boot see tee cee 12 


PXWGe. ocr tue ence aul Rane eu Geaeur een slwerle soon we eecce lee 


Farag et sku essocteecebasusties ve secede 12 


“ 
oO 00 0000 


we 
nr 
oe 


16 10 


Henstiawie. aoe 3s euc buen» a6 caneS cawaabenees B Lewdgu cere 5 
SiOUN Sis: cette eeen Coen eee Glee Bh ae ie oe ino Eee aA) Mine ae 
Spoliswood2 22. acc.tccs3.2 eRSeens eee Il 10 8 
BLU iic aden ve ete Seiten eee ae lea ee a a PRR O rane Seat eee ee een ee 
Siehiscee a2 ee eleva Ooh Su Ra oas = Seheweta ces 12 9 8 
POON ad ausiecucecOus vewceule tawone Een Sane t 12 15 10 
Tiflany !: 20 * Os cae oe eee temo eee ete 12 15 10 
WRU. oe awaccoowede aus Rese ae ob ase w eee ee 12 1 ect oy was 
Vallets tite oe oe oe ees ee eS 10 12 7 
GAN ioe e wcccede dene Gost te es eee be ebecnsceess 10 6 7 


1 Heights given are for trees in drained areas. 
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increased. If alfalfa is grown on soils that are low in 
phosphorus, a phosphorus fertilizer should be applied. 

Excluding livestock from grazing permits the grasses 
to regain their vigor, but considerable time may be needed 
for improving the pasture, especially if the area is weedy. 
Because of the time required for improving native pasture 
by exclucling livestock, this practice is less desirable than 
fertilizing with nitrogen and controlling the weeds. 

‘When pastures do not produce enough forage for live- 
stock, it is important for supplemental pasture to be avail- 
able. Piper sudangrass provides a good supplemental 
pasture. 

The distribution of grazing can be improved by distrib- 
uting the water supply so that water will be available in 
different parts of the range. It can also be improved by 
placing salt and other mineral supplements in areas that 
are lightly grazed or that are far from the water supply. 

Soils that are marginal in productivity and that are re- 
tired to grass permanently or for a long period should be 
seeded to adapted species, For example, reed canarygrass 
and Garrison creeping foxtail are well suited to the soils of 


shrubs and trees suitable for windbreaks 


for windbreaks or that the tree is not suited to the site] 
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capability unit Vw—1; western wheatgrass is well suited 
to the soils of capability unit VIs-1; and crested wheat- 
grass is well suited to the soils of capability unit VIs-2. 
Additional information about adapted species and about 
suitable seeding rates, seeding times, and seeding methods 
can be cbtathed from the county agent, from a representa- 
tive of the Soil Conservation District, or from North 
Dakota State University. 


Management of Windbreaks 


Most of the trees grown in the survey area have been 
planted to protect farmsteads and fields from wind. The 
only native woodland consisting mainly of American elm 
and green ash occupies.a narrow strip of bottom land along 
the Maple River. The Tri-County survey area lies with- 
in the most favorable area in North Dakota for trees and 
shrubs, zone A of Hoag and Schultz (3). Therefore, 
this area is well suited to farmstead and field windbreaks. 
Table 5 gives, for each soil series represented in the sur- 


Trees 
American Box- Black |Colorado| Eastern | Rocky | Ponderosa| Hack- |Siberian or| White and | Cotton-} Siberian 
elm Ash elder Hills | spruce | redcedar; Mountain pine berry | dropmore golden wood crab 
spruce juniper elm willow 
55 50 50 40 40 20 20 
35 10) (eneeeroeseere aeermesrsyeya iene eeeeaes 18 18 
60 45 35 40 40 20 20 
40 38 28 32 32 20 20 
25 20 les teocdateeneere leaker 12 15 
40 40 30 35 35 18 18 
44. 90> | peedon select ae | ee eos 18 18 
40 37 21 eee eee 18 18 
55 45 50 40 40 25 20 
43 40 50 30 30 20 20 
60 50 50 40 40 20 | 20 
Ee ts es OU! lou cia Soulaupceaeulee were wlst 12 | 12 
60 45 50 40 40 20 20 
60 45 50 40 40 20 20 
wate owas 45 35 40 40 18 20 
40 38 30 30 30 20 20 
55 45 45 40 40 20 20 
45 35 50 35 35 20 20 
48 40 50 30 30 20 20 
35 30 71 id Pea Renee 12 12 
60 40 50 40 40 20 20 
50 40 50 40 40 20 20 
eee DB lela heute Bh dine yee fl olan w 12 12 
32 28 40 32 32 18 18 
45 40 50 35 35 20 20 
50 40 50 40 40 20 20 
55 45 50 40 40 20 20 
50 45 40 40 40 35 20 
40 38 30 30 30 18 15 
30 20: pene | ME ad osersa 15 12 
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vey area, the estimated height, in feet, of mature shrubs 
and trees suitable for windbreaks. 

Farmstead windbreaks.—In farmstead windbreaks trees 
and. shrubs are planted in multiple rows to protect the 
farmstead and feedlots from wind and drifting snow. 
These windbreaks consist of 6 to 12 rows of trees, generally 
planted on the north and west sides of the farmstead area, 
the direction from which blow the prevailing strong winds 


of winter. 


Included in these windbreaks should be ever- 


reens and shrubs that hold the snow and thus prevent it 
rom accumulating in the farmstead and feedlots. 

The location of the farmstead generally determines the 
site on which the windbreak should be placed, so that pro- 
tection will be provided from wind and snow. The soils 
should be examined before the trees are planted, and un- 
favorable soil qualities ought to be corrected if feasible. 
The kinds of trees chosen for planting need to be suitable 
for the site. 

Before trees are planted in an area where drainage is 
restricted, the soils need to be drained. Where drainage is 
not feasible, species that tolerate wetness ought to be 
planted. Because the appearance of the farmstead wind- 
break is important, trees and shrubs should not be planted 
if they are susceptible to chlorosis, or yellowing, as the 
result of poor drainage and poor aeration. 

Among the species adapted to dry sites are buffaloberry, 
caragana, and Russian-olive. Species adapted to wet areas 
are red-osier dogwood and cottonwood. Shrubs and trees 
that are resistant to chlorosis and that are commonly used 


Map 
symbol 


in windbreaks are boxelder, buffaloberry, caragana, choke- 
cherry, Rocky Mountain juniper, lilac, Russian-olive, and 
spruce. Russian-olive and Srberian salt-tree are adapted 
to saline areas. 

Field windbreaks—These are strips, or belts, of trees 
and shrubs planted as a barrier against prevailing winds 
to protect cultivated fields from wind erosion. ‘The trees 
are planted either in single or multiple rows, generally on 
the north and west sides of fields. The number of single- 
row plantings is increasing. Several single-row plantings, 
with spaces between the rows, are preferred to a single 
multiple-row planting. They provide the same protection 
as is provided by a multiple-row windbreak, and they 
protect a larger area with the same number of trees. 

The spacing of the rows depends upon the height of the 
mature trees In the windbreak and the susceptibility of the 
soils to erosion. If no other practices are used to protect 
the soils, the maximum spacing between windbreaks is 
10 times the height of the mature trees in the windbreak 
plus a distance of 3 rods where the soils are fine sandy 
loams, a distance of 10 rods where the soils are clays, and a 
distance of 40 rods where the soils are loams to silty clay 
loams. 

The windbreaks need protection from fire, grazing, 
insects, and diseases. Measures for controlling insects anc 
diseases should be used as soon as feasible after the trees 
are planted. Current information about controlling insects 
and diseases can be obtained from the county agent or a 
local representative of the Soil. Conservation Service. 
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Mapping unit 


Ad 


Ak 
An 


Ar 
Av 


Aw 
BaB 


BbC 
BbD 
BdB 


Aberdeen silt loam._._._...------------.------------+ 


Alluvial lands: :5-cs02 -sosceessuaochdeteJcdececestl 
Arveson fine sandy loam_____------------------------- 


Arvegson fine sandy loam, moderately shallow__----.---- 
Arveson fine sandy loam, very wet_.-------.---.------ 


Atveson Joam:c.22s..52000. 52 boc ceteccecies oohee ned 
Barnes loam, undulating._.__.----------------------- 


Barnes-Buse loams, rolling....----------------------- 
Barnes-Buse loams, strongly rolling........------.------ 
Barnes-Svea loams, undulating.....-----.-------------- 
Bearden silt loam_____._____-----------..--------+-- 
Bearden silty clay loam__....-------------------+---- 
Bearden soils, saline_....-_.------------------------- 
Bearden-Overly silt loams___.------------------------ 
Borup' silt loam-2-.52--002e2c-45cese geese eceeseeee 
Borup silt loam, very wet 


Buse loam, hilly. 
Dimmick clays =) 22s otesegcd cee se tetoel seca 


Limitations 


Slow permeability in the subsoil and very slow permeability in 
the substratum; salinity. 

Not applicable 2.2 u2 26 sao a. bbe c eh ese steectsenee lee cacse 

Slow permeability in the substratum below a depth of 48 inches; 
fair available moisture capacity; low fertility. 

Slow or very slow permeability in the substratum; fair available 
moisture capacity; low fertility. 

Fair available moisture capacity; low fertility.......-.-.-..------ 


Fair available moisture capacity; low fertilit 

Unemats topography; slow permeability in the substratum; 
salinity. 

Rolling topography; slow permeability in the substratum; salinity. 


Strongly rolling topography; slow permeability in the substratum; 
salinity. 

Undulating topography; slow permeability in the substratum; 
salinity. 

Moderately slow to slow permeability in the substratum; salinity; 
seasonal high water table. 

Slow permeability in the substratum, salinity; seasonal high water 
table. 

Moderate permeability in the subsoil and slow permeability in the 
substratum; salinity; high water table. 

Slow permeability in the substratum; salinity; seasonal high water 
table. 

Salinity of the subsoil and substratum; high water table.________- 

Water table at or near the surface_._...-____------------------ 

Hilly topography-_._--.-~_- dil onl ons Mie 2 Set ain sae kng 

Permeability very slow in the subsoil and substratum; high water 
table. 


TRI-COUNTY AREA, NORTH DAKOTA 


Management of Soils Under Irrigation 


The Tri-County Area receives an average annual pre- 
cipitation of about 20 inches, approximately four-fifths 
of which falls during the growing season. In many years 
dry periods reduce the yields and quality of crops. Be- 
cause of this, it is anticipated that irrigation would sig- 
nificantly benefit. the agriculture of the area. 

Under irrigation a wider number of crops can be grown, 
especially on soils that have low available moisture ca- 
pacity. Also, on nearly all tillable soils, yields of crops 
can be stabilized in dry years. Furthermore, crops that 
require the full growing season to mature can be used to 
replace most of the early maturing small grains, such as 
those now grown in the Tri-County Area. 

The relief throughout most of the survey area is fa- 
vorable for irrigation. In about 90 percent of the acreage, 
the soils are nearly level. The slopes are between 8 and 5 
percent in about 6 percent of the acreage, and they are 6 
percent or greater in about 4 percent. In the sloping areas 
the cost of leveling is an important consideration if gravity 
irrigation is to be used. The cost of such a system must 
be considered in relation to the gains to be derived from 
increased yields. The choice of a proper system of water 
ate pEaee can minimize the disadvantage of unfavorable 
slope. 

Most. of the soils in the Tri-County Area that are suita- 
ble for irrigation are on the Sheyenne Delta and in the 
beach area. The Sheyenne Delta slopes gently to the 
northeast and has a drop of about 2 feet to the mile. 
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Practically all of the precipitation that falls within the 
Sheyenne Delia enters the soils. The beach area is at 
about the same elevation as the Sheyenne Delta, and it 
slopes gently eastward between the beach ridges. At each 
beach ridge, there is a rather sharp change in elevation 
within a short distance. 

When irrigation is to be established in the Tri-County 
survey ‘area, drainage will be necessary in some places. 
The Sheyenne Delta has no natural drainage, except for a 
few short coulees along the edges of the delta. In the 
beach area water accumulates at the base of the beach 
ridges, ‘and it is likely that ae Deer drains would be 
needed in those areas and at the edge of the lake plain. 
In a number of places, till substratum phases of soils have 
been mapped along the eastern edge of the beach area. 
The thin mantle of lake sediments overlying the glacial 
till indicates that much or all of the beach area from here 
to the till plain on the west is underlain by glacial till. 
Depth to the underlying till varies within short distances 
because of the undulating topography of the glacial till 
deposits, Unless Avater entering Glacial Lake Agassiz or 
the waters of the lake smoothed the surface of the till at 
the time of mantling, it is probable that the irregular 
topography of the underlying till forms basins that could 
fill with water under irrigation and require extensive 
drainage, 

Table 6 rates the soils of the Tri-County survey area 
according to their relative suitability for irrigation. The 
five ratings are very good, good, fair, poor, and unsuitable. 
For soils given a rating of “poor,” there are serious man- 


Without leveling and drainage With leveling and drainage 
Management problems 
Gravity Sprinkler Gravity Sprinkler 
Unsuitable___----- Poor___---------- Unsuitable____---- Poorwsue 2 ost Waterlogging; salting. 
Unsuitable_-—--_-- Unsuitable_-__---- Unsuitable__-..__- Unsuitable____-_-- Soil is not irrigable. 
O0Psiis: 22s S3e5- OOP wets. o.ocse Fair to good._.__-- Fair to good...-.--| Waterlogging; controlling wind erosion; improving 
and maintaining fertility. 
PoOR=22 520 355. |MPOOTiss=+25- 80455 Fair to good..__.-- Fair to good..-..-- Waterlogging; controlling wind erosion; improving 
: and maintaining fertility. 
Unsuitable-_._---- POoPisveveseee ees Fair...--..-------| Fair....---...--.--| Controlling wind erosion; improving and maintain- 
ing fertility. 
Good...--..-------| Improving and maintaining fertility. 
Good......--------| Waterlogging; salting; distributing water; control- 
ling erosion by wind and water. 
Unsuitable________ POOR Ss222 ts 25a Poor to fair.._-.-- Fair.....-..-.-----| Waterlogging; salting; distributing water; control- 
ling erosion by wind and water. 
Unsuitable______.- Unsuitable to poor..| Poor to unsuitable} Poor_..__-------- Waterlogging; salting; distributing water; control- 
ling erosion by wind and water. 
POOF su. 2 205s cee ee Fair to good__-_--- Good to fair______ Good_-__-------- Waterlogging; salting; distributing water; con- 
; trolling erosion by wind and water. 
POOr2 ws ete ssece 2 Poor to fair___-.-- Fair to good..---- Fair to good_.-.-- Waterlogging; salting. 
Poort izeses fe Poor to fair____.-. Fair to good_-.__-- Good to fair. _.-.- Waterlogging; salting. 
Unsuitable__-____- Unsuitable_._-.___ Poor to fair_._._-- Poor to fair.__---- Waterlogging; salting. 
POOP: esverisevcu a: Poor to fair_._____ Good to fair______ Good__--.--_---- Waterlogging; salting. 
POOPSS.25e52 Seiden A ole) eee Good_-.----..--- Good_----------- Waterlogging; salting. 
Unsuitable__--.__- Poor__------. wee) G@Ood sec ecrn. cece Good-_----.------ Waterlogging. 
Unsuitable_-..-__- Unsuitable____-__- Unsuitable. _._._-- Unsuitable_._.---- Soil is not irrigated. 
Unsuitable. _-.-__- Unsuitable to poor.| Unsuitable. .._.-_- OOPsec sorte nae Waterlogging; salting. 
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Tape 6.—Irrigation ratings, limitations, 


Map Mapping unit Limitations 

symbol 

Dy Dividéloamelzes sso eee sasha sees etsclee esse one Fair available moisture capacity; seasonal high water table; low 
fertility. 

EcA Eckman loam, nearly level...-.-----------.---------- ON6s 2 ooo ote Sates se sucs aoe eee oe weet one ce eere ected 

EcB Eckman loam, undulating-----.---------------------- Undulating topography.--..-.--.------------------------------- 

EcC Eckman loam, rolling-----.-------------------------- Rolling topography: oo. ese 2 See eee eee eect eee 

EgB Eckman loam, till substratum, undulating___.---------- Undulating topography; permeability of the substratum; salinity —_ 

EnA Egeland fine sandy loam, nearly level__---------------- Low available moisture capacity; low fertility___...----.-------- 

EnB Egeland fine sandy loam, undulating..----------------- ve topography; low available moisture capacity; low 
fertility. 

Eo Embden fine sandy loam.---------------------------- Fair available moisture capacity; low fertility_....-----.---_---- 

Ep Embden-Gardena complex_-.-------------------------- Slow permeability in the substratum; fair available moisture 
capacity; low fertility. 

Es Embden-Glyndon fine sandy loams_______..----------- Fair ee moisture capacity; seasonal high water table; low 
fertility. 

Et Embden and Hecla fine sandy loams-_----.------------- Slow permeability in the substratum; low available moisture 
capacity; low fertility. 

Ex Exline complex___---------------------------------- Alkalinity; salinity; dispersion; very slow permeability 

Fa Fairdale silt loam, levee--.---------~----------------- Unfavorable topography..-.---.----.-----------+ ee ee 

Fe Fargo clay a. s2c0- ap se ontaece ct pesos bees sete Very ON permeability in the substratum; salinity; high water 
table. 

Fg Fargo silt loam__...-------------------------------- ve ey permeability in the substratum; salinity; high water 
table. 

Fh Fargo silty clay loam_.._.--_------------------------ Very slow permeability in the substratum; salinity; high water table 

Fk Fargo silty clay loam, saline_.....-.------------------ Subsoil and substratum saline and have slow permeability; high 

water table. 

Fn Fargo-Exline silty clay loams_.___-.------------------ Alkalinity; dispersion; subsoil and substratum saline and have slow 
permeability. 

Wea Fordville loam, nearly level__-.-_.--_----------------- Fair available moisture capacity; low fertility__..........------- 

WeB Fordville loam, undulating__...__...-_--------------- Unfavorable topography; fair available moisture capacity.-_------ 

WsA Fordville sandy loam, nearly level___....-------------- Fair available moisture capacity; low fertility__.........-.------ 

WsB Fordville sandy loam, undulating. ..._..--------------- One ee topography; fair available moisture capacity; low 
fertility. 

Fw Fresh water marsh..-.------------------------------ Not. applicable... 22. 5 oe-se nes ee ocean cio sebae chest Secs 

GbA Gardena loam, very deep, nearly level___-------------- Deed oe os ea neers atacand est Ae cate 

GbB Gardena loam, very deep, undulating___--------------- Undulating topography-..-.--...----------------------------- 

GcA Gardena loam, deep, nearly level_.-....--------------- NONGi 22s ooeci dee eee c coe ees tasdn bbe peace gd oeae ees. 

GdA Gardena loam, moderately shallow, nearly level__...---- Slow permeability in the substratum_-__----_------------------- 

GdB Gardena loam, moderately shallow, undulating _-._---~- Undulating topography - .------------------------------------ 

GeA Gardena loam, till substratum, nearly level... ._-------| Moderate to slow permeability in the substratum ; salinity. ~~ ~~~ - 

GfA Gardena-Eckman loams, till substratum, nearly level....| Moderate to slow permeability in the substratum; salinity. ------- 

GgA Gardena-Glyndon loams, nearly level__-.-------------- Seasonal high water table___.___.._._.-..--------------------- 

GkA Gardena-Glyndon loams, till substratum, nearly level._..| Moderately slow permeability in the substratum; salinity ; seasonal 
high water table. 

GmA Glyndon loam, very deep, nearly level---.------------- Seasonal high water table; low fertility......--.-----.---------- 

GmB Glyndon loam, very deep, undulating . ---------------- Undulating topography; scasonal high water table; low fertility__.- 

Gna Glyndon loam, deep, nearly level ____----------------- Ble a in the substratum; salinity; high water table; 
ow fertility. 

GsA Glyndon-Borup loams, strongly saline, nearly level__---- Salinity; high water table; moderate permeability in the substra- 
tum; low fertility. 

Gta Glyndon and Gardena loams, nearly level__..._-.------ ae Fores ay in the substratum; seasonal high water table; 
ow fertility. 

Gua Glyndon and Hamerly loams, saline, nearly level... .- Say: moderate to slow permeability in the substratum; low 
ertility. 

Gv Gravelpites ja... feediaG abe oe Se ee Not applicablescesi.2-.2escceue ces ele ck seks ol ye eee eee 

Ha Hamar fine sandy loam_..--------------------------- nae available moisture capacity; seasonal high water table; low 
ertility. 

Hb Hamar-Ulen fine sandy loams..----------------------- Low available moisture capacity; seasonal high water table; low 
fertility. 

He Hamar-Ulen loamy fine sands____.-------------------- Low available moisture capacity; seasonal high water table; low 
fertility. 

HdB Hamerly complex, undulating.....-------------------- Undulating topography; slow permeability in the substratum; 
salinity; seasonal high water table; low fertility. 

Hed Hamerly loam, nearly level__.-._.-------------------- Slow permeability in the substratum; salinity; seasonal high water 


table; low fertility. 
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Continued 


Without leveling and drainage 


Gravity 


Unsuitable.-.-_.-- 
POOnr? .o2ushences 


Unsuitable.--..--- 
Unsuitable. __.---- 


With leveling and drainage 
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Sprinkler Gravity Sprinkler 

Waite 2.cce8en S Good__-_-------- Godse os-.n20525 Improving and maintaining fertility. 

Very good_------- Very good... --- Very good__..---- None. 

Good. 2-42 se5252 Very good_.-.---- Very good_..----- Distributing water; controlling erosion by wind 
and water. 

Pootisee 28 fees Poor to fair_...--- Baie sccesttceces Distributing water; controlling erosion by wind 
and water, 

Wait jecceacedéscs Good to fair_____- Good___-__------ Waterlogging; salting; distributing water; control- 


Very good_-.---.. 
Good 


Poor to good_____- 


Unsuitable... 
Very good.__-_-_- 
Poor to unsuitable. 


Poor to unsuitable_ 


Poor to unsuitable__ 
Unsuitable. __-. ~~~ 


Unsuitable_____. .- 


Unsuitable__-__--- 
Very good____-.-- 
Very good 
Very good 
Good to very good_ 
Good to very good_ 
Good to fair_-_--- 
Good to fair_--_-- 
Very good._------ 
Good to fair__.--- 


Very good_..----- 
Good. ___-.------ 


Unsuitable.....--. 
TAP ee ete ee 


Fair to good_____- 


Fair to good_._..- 


Poor to good_____- 


Unsuitable... _--- 
Very good____---- 


Unsuitable_____--- 
Very good__.----- 
Very good_.__- 
Very good____---- 
Good to very good_ 
Good to very good. 


Very good__.----- 
Very good__.----- 


BONN oc cuctend ui ated: 


ling erosion by wind and water. 


Controlling wind erosion; improving and maintain- 


ing fertility. 


Distributing water; controlling wind and water 


erosion; improving and maintaining fertility. 


Controlling wind crosion; improving and maintain- 


ing fertility. 


Waterlogging; controlling wind erosion; improving 


and maintaining fertility. 


Controlling wind erosion; improving and maintain- 


ing fertility. 


Waterlogging; controlling wind erosion; improving 


and maintaining fertility. 


Soil is not irrigable. 
Soil is not irrigable. 
Waterlogging; salting. 
Waterlogging; salting. 


Waterlogging, salting. 
Soil is not irrigable. 


Soil is not irrigable. 


Improving and maintaining fertility. 


Improving and maintaining fertility; distributing 


water; controlling water erosion. 


Controlling wind crosion; maintaining fertility. 
Contrelling wind erosion; improving and maintaining 


fertility; distributing water. 


Soil is not irrigable. 
None. 


Distributing water; controlling water erosion. 


None. 
Waterlogging. 


Distributing water; erosion; waterlogging. 


Waterlogging; salting. 
Waterlogging; salting. 
Waterlogging. 

Waterlogging; salting. 


Waterlogging; improving and maintaining fertility. 
Waterlogging; distributing water; improving and 

maintaining fertility; controlling water crosion. 
Waterlogging; salting; improving and maintaining 


fertility. 


Waterlogging; salting; improving and maintaining 


fertility. 


Waterlogging; improving and maintaining fertility. 


Waterlogging; salting; improving and majntaining 


fertility. 
Not irrigable. 


Controlling wind crosion; improving and maintain- 


ing fertility. 


Controlling wind erosion; improving and maintain- 


ing fertility. 


Controlling wind erosion; improving and muaintain- 


ing fertility. 


Distributing water; water erosion; waterlogging; 


salting; improving and maintaining fertility. 


Waterlogging; salting; improving and maintaining 


fertility. 
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Tas_e 6.—I/rrigation ratings, limitations, 


Map 
symbol 


Mapping unit 


Limitations 


Hamerly-Barnes loams, undulating.-.-...------------- 
Heela fine sand, nearly level_..-----.-----.----------- 
Hecla fine sandy loam, nearly level___....------------- 
Heela fine sandy loam, moderately shallow, nearly level _ 
Hecla loamy fine sand, loamy substratum, nearly level___ 
Heela loamy fine sand, moderately shallow, nearly level_. 
Heela sandy loam, loamy substratum, nearly level_._-_- 
Heela soils, nearly level_--.-------------------------- 
Hecla and Embden fine sandy loaims, nearly level.__---- 
Hecla-Hamar complex, hummocky, eroded.___..--__--- 
Heela and lamar loamy fine sands, nearly level___.._--- 
Hecla-Ulen fine sandy loams, nearly level..------------ 
Hecla-Ulen fine sandy loams, loamy substratum, nearly 

coke silty clay loams222o52-ss0.s5ssceeulcscc puss 
La Prairie and Fairdale soils 


La Prairie silt loam__~--------------------------- 
Maddock fine sandy loam, nearly level 


Maddock fine sandy loam, undulating._.--.----------- 
Maddock fine sandy loam, rolling._..----------------- 
Maddock loamy fine sand, nearly level_____-.____------ 
Maddock loamy fine sand, undulating. ---------------- 
Maddock soils, hilly----.---------------------------- 


Maddock loamy fine sand, moderately shallow, nearly 
level. 

Maddock-Hamar complex, severely eroded__._------~-- 

Overly silt loam, nearly level_._..-------------------- 

Overly silt loam, saline, nearly level_...--------------- 


Overly silty clay loam, nearly level_....--..----------- 
Overly-Exline complex, nearly level_...---------------- 


Overly-Gardena loams, nearly level_._._-.------------- 
Parnell s6ilt.. oun koe cel cocnk ane eee awd 

Perella silt loam_--.... 
Perella silty clay loam__- 
Rauville soils._...-...--------------- 

Renshaw and Sioux loams, nearly level_..---.-.-------- 


Renshaw and Sioux loams, undulating.--.....-----.--- 
Renshaw and Sioux sandy loams, nearly level_._..-.--- 
Renshaw and Sioux sandy loams, rolling._._.---------- 


Sioux gravelly loam_..-..--------------------------- 
Sioux and Renshaw loams, rolling--------------------- 


Spottswood loam, loamy substratum, nearly level_____-- 


Undulating topography; moderately slow to slow permeability in 
the substratum; salinity; seasonal high water table. 
Very low available moisture capacity; low fertility-....-.--.----- 


Low available moisture capacity; low fertility-.-..-------------- 


Slow permeability in the substratum; low available moisture 
capacity ; low fertility. 

Very low available moisture capacity; low fertility; slow perme- 
ability in the substratum. 

Low available moisture capacity; low fertility; moderately slow 
permeability in the substratum. 

Low available moisture capacity; low fertility--...---..--------- 


Low available moisture capacity; low fertility-.---_----- ese eee 
Low available moisture capacity; low fertility-.-..---....------- 


Very low available moisture capacity; high water table; low 
fertility; unfavorable topography. 

Rapid permeability in the subsoil and substratum; very low 
available moisture capacity; high water table. 

Fair available moisture capacity; seasonal high water table; low 
fertility; slow permeability in the substratum. 

den pualenle moisture capacity; seasonal high water table; low 
ertility. 

Permeability moderately slow in the substratum; high water table__ 

Unfavorable topography; low fertility....---------------------- 

Moderately slow permeability in the substratum.._.-.-.--------- 

Low available moisture capacity; low fertility..---.------------- 


Unfavorable topography; low available moisture capacity; low 
fertility. 

Unfavorable topography; low available moisture capacity; low 
fertility. 

Very low available moisture capacity; low fertility.-....--------- 


Unfavorable topography; very low available moisture capacity; 
low fertility. 

Unfavorable relief; very low available moisture capacity; low 
fertility. 

Moderately slow or very slow permeability in the substratum; low 
available moisture capacity; low fertility. 

Unfavorable topography.--..--------------------------------- 

Moderately slow or slow permeability in the substratum; salinity__ 

Moderately slow or slow permeability in the substratum; salinity ; 
seepage. 

Moderately slow or slow permeability in the substratum, salinity. _ 

Alkalinity; dispersion; high water table; moderately slow or slow 
permeability in the substratum. 

Moderately slow or slow permeability in the substratum__-.-_-_- 

Slow permeability in the substratum; high water table.__._._._- 

Slow permeability in the substratum; high water table._---_--_- 

Slow permeability in the substratum; high water table___-_____- 

Slow permeability in the substratum; high water table__...-.-.- 

Low available moisture capacity; shallow over gravel; low fertility __ 


Unfavorable topography; low available moisture capacity; shallow 
over gravel; low fertility. 
Low available moisture capacity; shallow over gravel; low fertility _- 


Unfavorable topography; low available moisture capacity; shallow 
over gravel; low fertility. 

Unfavorable topography; very low available moisture capacity; 
very shallow over gravel; low fertility. 


Unfavorable topography; low available moisture capacity; shallow 
over gravel; low fertility. 


Fair available moisture capacity; seepage; slow permeability in the 
lower part of the substratum. 
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and management problems—Continued 


Without leveling and drainage 


Gravity Sprinkler 


Pairs svceeseee3 
Poor to fair... --_- 
Good to fair. ____- 
Good to fair._---- 


POORG2..c22.See5~ PAliseu wceuteaeuls 
PeOf vet Le seca ees Pair. shee 
POOPs.s2eccesoceiee Paitencoceocsens 
Poor______-_--.-- OS as on geal ctl 
POOTA2 2 eases at eee! Hairs 223 cceekt he 
Unsuitable_---_-_. Pootss. fee 
POOP. sec nee cee ce Poor to fair..._-_- 
POOP hc ote ee beet Faire cwor od ee 
Poors 2 o28d2obsue Maire 226 ene et 
Poor) ae Soe PAC) 2248 Jeecace 2 
Unsuitable_____._- Poor to fair__._--- 
POE ote wes Very good__..- 2. 
Poors sole ets 52 Fair to good_____- 
POG oe imine PA 2a atlas) 
Unsuitable_______- Pall ptwnwind eee 
Poor.22. 5-52-2683. Poors. scscccosee 
Unsuitable________ POOM es sant 
Unsuitable___-.-._ Unsuitable_______. 
Poor to unsuitable_| Fair.......--__-- 
Unsuitable. ___-___ Unsuitable__-.__.- 
Poor.------------ Olle les ott 
Unsuitable...----- Unsuitable... 
POOls .o2 seen eus Mile oe eee 
Unsuitable___-._-- Unsuitable. __...- 
Faire oo soe toe obec Good___.-------- 
Unsuitable_-___-_--_- Unsuitable to poor_ 
Unsuitable.__.__-. Unsuitable to poor. 
Unsuitable__.____- Unsuitable to poor. 
Unsuitable._--_-_- Unsuitable to poor 
Unsuitable... . Wg ardarcin arotenuas 
Unsuitable._..__-- Poor to fair._._..- 
Unsuitable. ._-__-- Pare fost: 
Unsuitable...-.._- Poor to fair...-..- 
Unsuitable. ---.-_- Poor___---------- 
Unsuitable. ______- POOPzasu 42505104 
Failte e202 t5uc552 Good 2222230508 


With leveling and drainage 


Gravity Sprinkler 
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Fair to good. ____- Fair to good. ____- 


Fair to good__._.- Fair to good___..- 


Good to fair_..._- Good to fair. .._-- 
Par ogoueeod eek 
Good to fair. _-.__- 
Good to fair__._-- 
Good to fair_____- 


Very good to good_| Very good___-.... 
Very good..------ Very good_--.___. 
Rairs 2 oo oe ct a Fair to good_____- 
VAI Wowie oe eae Pairs cee sb eslsese 
Pa oe Se ease Faire 2cavaeensese 
Poets sss-steeui Poor__..--.----.- 
Podhisaiee Sees eee POOP? 2 woe eee Se 
Unsuitable___.-_-- Unsuitable.__.-_.- 
Fair to unsuitable_| Fair._--.-------- 
Unsuitable_._.-..- Unsuitable_._.___. 
Good to fair__.___ O00 ecsetoewesu 
POOL kanaientecan POGrS. bese baece se 
Good to fair._..-- Good__----..-.-- 
Unsuitable_—.--_- Unsuitable_____-- 


Good to very good. 
Poor to unsuitable. 
Poor to unsuitable. 


Very good to good_ 
Poor to fair.______ 


Poor to unsuitable_| Poor to fair_..-_-- 
Raine fosa.cc eee Good. J. 2.ces cues 
POOP nme eau Don oe weenie Rete 
Unsuitable. _____. Poor to fair_.-___. 
POGt cuvopeeewncae PAR ae coee es 
Unsuitable. ...--- Poor to fair__.-_-- 
Unsuitable .--___- POOf- csseccectase 
Unsuitable______.- POOR 2 £222 aoe 22s 
Good. _-_-...--_- Good. _.--2-22 2. 


Waterlogging; salting; improving and maintaining 
fertility ; distributing water; water erosion. 
Wind erosion; improving and maintaining fertility; 


distributing water. 


Controlling wind erosion; improving and maintain- 


ing fertility. 


Waterlogging; controlling wind erosion; improving 


and maintaining fertility. 


Controlling wind erosion; distributing water; im- 
proving and maintaining fertility; waterlogging. 
Controlling wind erosion; distributing water; im- 
proving and maintaining fertility; waterlogging. 
Controlling wind erosion; improving and maintain- 


ing fertility. 


Controlling wind erosion; distributing water; im- 


proving and maintaining fertility. 


Controlling wind erosion; improving and maintain- 


ing fertility. 


Controlling wind crosion; distributing water; im- 


proving and maintaining fertility. 


Waterlogging; distributing water; controlling wind 
erosion; improving and maintaining fertility. 
Controlling wind erosion; improving and maintain- 


ing fertility ; waterlogging. 


Controlling wind erosion; improving and maintain- 


ing fertility. 
Waterlogging. 
Improving and maintaining fertility. 
Waterlogging. 


Controlling wind erosion; improving and maintain- 


ing fertility. 


Controlling wind erosion; distributing water; im- 


proving and maintaining fertility. 


Distributing water; controlling wind erosion; im- 


proving and maintaining fertility. 


Controlling wind erosion; distributing water; im- 


proving and maintaining fertility. 


Controlling wind erosion; improving and main- 


taining fertility; distributing water. 
Soil not irrigable. 


Waterlogging; controlling wind erosion; improving 
and maintaining fertility; distributing water. 


Soil not irrigable. 
Waterlogging; salting. 
Waterlogging; salting. 


Waterlogging; salting. 
Soil not irrigable. 


Waterlogging. 

Waterlogging. 

Waterlogging. 

Waterlogging. 

Waterlogging. 

Distributing water; improving and 
fertility. 

Distributing water; improving and 
fertility; controlling water erosion. 

Distributing water; improving and 
fertility; controlling wind erosion. 

Distributing water; improving and 
fertility; controlling wind erosion. 


maintaining 
maintaining 
maintaining 


maintaining 


Unfavorable topography; improving and maintain- 
ing fertility; distributing water; controlling water 


erosion, 


Unfavorable topography; improving and maintain- 
ing fertility; distributing water; controlling water 


erosion, 


Seepage from adjacent areas; waterlogging. 
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Tass 6.—IJrrigation ratings, limitations, 


Limitations 


Map Mapping unit 
symbol 
SdA Spottswood sandy loam, loamy substratum, nearly level_ 
SmA Spottswood-Embden sandy loams, nearly level_..-.------ 
SoA Spottswood-Gardena loams, nearly level__-----.------- 
St Stirum-Glyndon complex._--.----------------------- 
salinity; high water table; soil dispersion. 
Sx Svea-Barnes loams__--_----------------------------- 
Sy Svea-Hamerly loams_-_-.----------------------------- 
high water table. 
TE Tiffany fine sandy loam____...----------------------- 
Tk Tetonka silt loam.._-------------.------------------ 
Uc Ulen complex, saline_..-.---------------------------- 
Uf Ulen fine sandy loam____-_-------------------------- 
Um Ulen fine sandy loam, loamy substratum..-...--------- 
Un Ulen fine sandy loam, moderately shallow_-.----------- 
water table; low fertility. 
Us Ulen-Gardena fine sandy loams__...-------.---------- 
Vr Valles lodiniwe2t tee ee nec cceetec sen detee eset 
high water table; low fertility. 
ZfB Zell fine sandy loam, undulating. ._.._---------------- 
ZmB Zell loam, undulating..------------------------------ 
ZmD Zell loam, strongly rolling..-_-----------~------------- 


agement problems, or serious management problems may 
be expected within a short period after the soils are placed 
under irrigation. The ratings given for suitability for 
irrigation are based almost exclusively on the characteris 
tics of the soil. In preparing these ratings it was assumed 
that the soil is to be leveled and drained, unless it is steep 
or hilly or has characteristics that make it unsuitable for 
irrigation. Examples of soils that are not suitable for ir- 
rigation are Buse loam, hilly, and the soils of the Exline 
complex. 

Limitations for irrigation are also indicated in table 6. 
The limitations of unfavorable topography and _ poor 
drainage can generally be corrected by leveling and drain- 
ing the soils, but some of the soils have other limitations 
that affect management. Bearden silt loam, for example, 
is saline, has moderately slow or slow permeability in the 
substratum, and has a seasonally high water table. After 
this soil has been drained and leveled, the salinity and 
moderately slow or slow permeability in the substratum 
make careful management necessary to prevent salting and 
waterlogging. 

Limited information is available on which to base esti- 
mated yields for irrigated soils. The proportionate in- 
crease in yields under irrigation will be lowest, however, 
on those soils that. produce best under dryland farming. 
Soils that are somewhat droughty, and that therefore do 
not make high yields under dryland farming, will have a 
higher proportionate increase in yields, The following 


Tair available moisture capacity; low fertility; sccpage; slow per- 
meability in the lower part of the substratum. 


Fair available moisture capacity; low fertility; seepage_--..--.--. 

SeCpage.e c2- siete eee ee ee hs ee eee ate 

Alkalinity; moderate to very slow permeability in the subsoil and 
moderately slow to very slow permeability in the substratum; 


Moderately slow or slow permeability in the substratum; salinity-. 
Moderately slow or slow permeability in the substratum; salinity; 


Fair available moisture capacity; high water table; low fertility__ 
Moderately slow to slow permeability in the subsoil and substratum _ 
Fair available moisture capacity; moderately rapid to moderately 
slow permeability in the substratum; salinity; high water table. 
Fair available moisture capacity; high water table; low fertility... 
Moderately slow to slow permeability in the substratum ; fair avail- 
able moisture capacity; low fertility; high water table. 
Moderately slow to slow permeability in the substratum; high 
Moderately rapid to moderately slow permeability in the sub- 
stratum; fair available moisture capacity; low fertility. 
Moderately slow or slow permeability in the substratum; salinity; 
Unfavorable topography; low fertility_..._..---...------------- 
Unfavorable topography; low fertility._.....------------------- 


Unfavorable topography---..--------------------------------- 


are yields that may be expected under good management 
on irrigated Eckman and Gardena soils and on other ir- 
rigated soils that are well suited to crops: Corn yields of 
90 bushels of grain or 20 tons of silage; alfalfa yields of 
5 to 6 tons per acre; potato yields of 400 bushels per acre; 
and sugar beet yields of 20 tons per acre. Although these 
yields are good, the greatest benefits derived from irriga- 
tion are the more stable yields and the protection from 
losses caused by drought. 

Soils comparable to the Eckman and Gardena soils have 
been irrigated at the North Dakota State University Ir- 
rigation Experiment Station at Carrington in the central 
part of North Dakota. At this station, the growing sea- 
son is shorter, the temperatures are lower, and less precip- 
itation is received than in the Tri-County survey area. 

Olson and Hemstad (8) report yields of irrigated crops 
as compared with yields obtained under dryland farming 
at the Carrington station for the 8-year period 1962-64, 
A summary of their information is given in table 7. In 
brief, table 7 shows that response to irrigation is better for 
corn, potatoes, and other crops that require a long or fairly 
long growing season than it is for small grains. 

In evaluating the information given in table 7, two 
factors should be considered. First, the dryland crops for 
which yields were determined were grown on land that 
was fallowed the previous year; and second, in the period 
covered by the table (1962-64) rainfall wags above normal 
for this area. It is likely, therefore, that the proportionate 
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Without leveling and drainage 


With leveling and drainage 


Management problems 


Cravity Sprinkler Gravity Sprinkler 

PAiPsoe Soe Selec ke, Good_.-----.---- Goods <4. ke Good __..--...-- Controlling wind erosion; secpage from adjacent 
areas; improving and maintaining fertility; water- 
logging. 

Faitscc.czeneesl ce Goods. 200522025 Good. .---------- Good...---....-- Controlling wind erosion; seepage from adjacent 
areas; improving and maintaining fertility. 

Paitzcutevecouh ee Good... ___-_-.- Very good___.____ Very good___.__.- Seepage from adjacent areas. 

Unsuitable_.. 2.2 Poor to unsuitable_| Poor to unsuitable_| Poor to unsuitable_ aterlogging; salting; dispersion; poor tilth; im- 
proving and maintaining fertility. 

Wai ps set ees at Good to fair.____. Good to fair._.._- Good: Joceccues Waterlogging; salting. 

POOP. cote de Palhe os ete Good to fair. _____ Good__-..------- Waterlogging; salting. 

POD PG aol te Poor to fair______- Good___.---.---- Good... 1.2222 Waterlogging; salting; controlling wind erosion; 
improving and maintaining fertility. 

Unsuitable____.--_- Unsuitable to poor_| Poor to unsuitable_} Poor to fair_..___- Improving and maintaining fertility; waterlogging. 

Unsuitable. __..___ OOl ce baw cua lee Fair to good_____. Good_.---.------ Waterlogging; salting; controlling wind erosion; 
improving and maintaining fertility. 

POU. 2 bubs eee. VAI. 2 pcadexsee ce Good_.-.-._.---- Good... -......--- Waterlogging; salting; controlling wind erosion; 
improving and maintaining fertility. 

Poors stooges Pairs dontuukeoe Good. _---------- Good__-_..------ Waterlogging; controlling wind erosion; improving 
and maintaining fertility, 

d {0 0) eager Seo MAPS = foo oue ee eS GOO cates ooo Good__.-.---.--- Waterlogging; controlling wind erosion; improving 
and maintaining fertility; salting. 

POOR ese eoeaces Baits. occas ee ke Good__.----.---- Good_..-------2. Waterlogging; salting; controlling wind erosion; 
improving and maintaining fertility. 

Unsuitable__.-___- Poof: s-222sec32- Mabe cee Solos Fair. Sceccce ech Waterlogging; improving and maintaining fertility; 
salting. 

Unsuitable... ..-__ Poors.cees eek eed Poor to fair_.____- Wait to eed ot os Controlling wind erosion; improving and maintain- 
ing fertility; distributing water. 

Unsuitable___...-_ POOP isc oewe se oeeus Poor to fair_..-_.. Wall cocscecceccus Distributing water; controlling erosion by wind and 
water; improving and maintaining fertility. 

Unsuitable....-_-- Unsuitable__-._..- Unsuitable_--.-- 2. Unsuitable.-.-__ Distributing water; controlling erosion by wind 
and water; maintaining and improving fertility. 

i 


TasLE 7.—Yields of crops under irrigation expressed as a 
percentage of the yield obtained under dryland farming 


Crop 1962 | 1963 | 1964 | 3-year 

average 

Percent | Percent | Percent Percent 

Hard red spring wheat 140 111 83 ll 
Durum wheat._...___- 96 85 105 
3 98 134 122 
92} 103 102 
157 143 150 
238 223 188 
Por graine. s205 2 scennace eed 143] 281 174 199 
“For silage__-_.----.-.---.-----|-.---- 219 152 186 


increases were lower for this period than the increases to 
be expected over a longer period that would include years 
of normal and below-normal precipitation. 


Use of Soils for Engineering 


By studying the soil descriptions in this report, engi- 
neers can learn a great deal about the soils that will affect 
their use in roads and other structures. Following are 
some general comments about these characteristics that 
are particularly significant to engineers. 

206-32466-—_5 


Dispersion, that is, the deflocculation of the soil and its 
suspension in water, is high in the Aberdeen, Exline, and 
Stirum soils. It is moderate in the saline phases of the 
Borup, Fargo, Glyndon, Hamerly, and Overly soils. Dis- 
persion is low in the other soils. 

The shrink-swell potential is high for the Bearden, 
Dimmick, Exline, Fargo, Lamoure, Overly, Parnell, and 
Perella soils. The other soils have a low shrink-swell 
potential. 

Susceptibility to frost action is high in the Bearden, 
Borup, Dimmick, Exline, Fargo, Lamoure, Parnell, Rau- 
ville, Stirum, and Vallers soils. It is moderate in the 
Aberdeen, Arveson, Divide, Glyndon, Hamar, Hamerly, 
Tetonka, and Tiffany soils and slight in the Barnes, Buse, 
Eckman, Fairdale, Gardena, La Prairie, Svea, and Zell 
soils. The rest of the soils are not susceptible to frost 
action. 

As a source of topsoil, the Gardena, La Prairie, Spotts- 
wood, and Svea soils, and the Overly soils that are not 
line are excellent. The Barnes, Eckman, and Embden 
soils and the Bearden and Glyndon soils that are not saline 
are good sources. The Divide, Egeland, Fordville, La- 
moure, and Tiffany soils, and the Fargo and Ulen soils 
that are not saline are fair sources. The Aberdeen, 
Arveson, Buse, Dimmick, Fairdale, Hamar, Hecla, Mad- 
dock, Parnell, Perella, Renshaw, Vallers, and Zell soils, 
and the Borup and Hamerly soils that are not saline are 
poor sources. Soils not suitable as a source of topsoil are 
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the saline soils and the Exline, Rauville, Sioux, and Stirum 
soils. 

Gravel and sand can. be obtained from the Divide, Ford- 
ville, Renshaw, Sioux, and Spottswood soils. The gravel 
contains some shale. 

Surface drainage is needed in some places on_ the 
Arveson, Egeland, Embden, Hamar, Hecla, Maddock, 
Stirum, Tiffany, and Ulen soils. Those soils are susceptible 
to erosion, however, and the side slopes of drains are un- 
stable. The other soils in the survey area are resistant to 
erosion, except where the sides of the drainageways are 
steep. 


Formation and Classification of Soils 


This section has three main parts. First, the major 
factors of soil formation are discussed in terms of their 
effect on the soils of the Tri-County survey area. Then, 
the two systems used in the United States for classifying 
soils are briefly defined, the soils are placed in these two 
systems, and the great soil groups are discussed. Finally, 
the soil series are described in detail. For representative 
soil series, laboratory data are given in the section “Physi- 
cal and Chemical Analyses of Soils,” 


Factors of Soil Formation 


The kind of soil that develops in a given place depends 
upon the five factors of soil formation, parent material, 
climate, living organisms, relief, and time. The influence 
of each factor differs from place to place. 

Climate and living organisms are the active factors of 
soil formation, and the kinds of living organisms in an 
area, in turn, depend upon the climate. Parent material 
influences the texture and fertility of the soil. Relief in- 
fluences the relationships among soil, water, and plants 
by its effect upon the amount of runoff and the amount 
of water that enters the soil. Other factors being equal, 
time also affects the degree to which a soil develops. Each 
of these five factors and the influence they have had on the 
development of soils in the survey area are discussed briefly 
in the following paragraphs. 

Parent Marertar.—In the Pleistocene epoch, the survey 
area was covered by the Mankato substage of the Late 
Wisconsin glaciation. During that period, glacial till, 
glacial lake sediments, and eolian and alluvial sediments 
were deposited and became the parent material of the soils 
in this area. This parent material was exposed to the 
processes of soil formation for about ten. thousand years. 

The glacial till in the survey area is calcareous loam of 
mixed mineralogy. Unlike the glacial lake sediments and 
the eolian and alluvial sediments, it is unsorted and con- 
tains particles that range from very coarse sand to clay in 
size. In addition, it contains pebbles and cobbles and other 
stones that occur in variable amounts throughout the 
material. The sediments deposited in glacial lakes range 
from loamy fine sand to clay in texture, but the texture of 
the eolian sediments is dominantly fine sand and loamy 
fine sand. In most places the texture of the stream valley 
alluvium is stlt loam to silty clay loam, but there are thin 
layers of fine sandy loam in places. 

The parent material of glacial lake origin oceurs in a 
definite pattern, according to the way it was deposited. 
The coarser textured glacial material is along the outer 


margins of the lake, and the finer textured material is 
mainly toward the center of the lake. The alluvial sedi- 
ments are coarser near the stream channel and finer at a 
greater distance from the point of overflow. In both the 
material of glacial lake origin and the alluvium, the 
coarser textured material is deposited in areas where the 
movement of water is greatest. 

Parent material that is dominantly coarse textured or 
fine textured influences greatly the formation of soils. 
Also, parent material in which a specific mineral is dom- 
inant influences the formation of soils by its mimeralogical 
composition. Soils formed from sandy parent material 
that is high in content of quartz, for example, have low 
available moisture capacity and rapid permeability, and 
they are low in plant nutrients. Soils formed in loamy 
parent material generally have good available moisture 
capacity and a good supply of plant nutrients. Typical 
of soils formed in dominantly coarse-textured material 
are the Maddock soils, formed in eolian sand. The Fargo 
soils, on ‘the other hand, reflect the slow permeability and 
poor drainage of dominantly fine-textured parent ma- 
terial. They shrink when dry and swell when wet because 
of the high content of expanding 2:1 lattice clay in the 
parent material, 

The pattern in which the parent material was deposited 
affects the kind of soil that develops. Stratified material, 
for example, may cause the lateral movement of water 
and the development of a water table so that the upward 
movement of water exceeds the downward movement. If 
this has occurred, intrazonal soils such as the Bearden, 
Arveson, and Stirum may develop, depending upon the 
amount of calcium carbonate or content of sodium in the 
upward-moving water. 

Crumatrn.—tThe climate of the survey area is subhumid 
continental, Winters are cold and summers are warm. 
The average annual precipitation is about 19 inches, and 
about 80 percent of the precipitation occurs in the period 
April through September. The climate is uniform 
throughout the survey area. Tall grasses are the dominant 
vegetation in this kind of climate. 

The components of climate that affect the formation 
of soils are precipitation, temperature, humidity, and 
wind. Water is essential for chemical reactions to take 
place in the weathering of parent material. It is also nec- 
essary for the growth of plants and animals and for the 
removal of the end products of decomposition in solution. 
Temperature affects the rate of chemical reaction and the 
activity of living organisms. In winter chemical re- 
action and the activity of living organisms are 
essentially ata standstill during the period when the tem- 
perature is lowest and the smallest amount of precipita- 
tion is received. When the temperature is high, the great- 
est biological activity takes place and the greatest amount 
of precipitation is received. During the period when the 
temperature is high, the maximum weathering occurs and 
the decomposition of organic matter is most extensive. 

In the survey area the average relative humidity at noon 
is about 48 percent during the month of July. At that 
time the air can take up a large amount of moisture tran- 
spired from plants or evaporated from the soils, This 
rather low level of humidity increases the losses of water 
by transpiration and evaporation. It also reduces the 
efficiency with which plants use and soils retain water. 
Transpiration and evaporation are rapid when the relative 
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humidity is low, the temperature is high, and there is wind 
or air movement across the plants and soils. 

Well-drained soils, such as the Barnes and Eckman, 
appear to reflect the maximum influence of climate upon 
their development. These soils have been leached free 
of lime to a depth of 14 to 20 inches. The soluble salts 
have been Jeached to a depth of more than 86 inches, and 
in some places they have been entirely leached out of the 
soil profile, A longer time would be needed for a signifi- 
cant amount of clay to form and accumulate in the soil 
profile. 

Livine Orcanisms.—The kind of vegetation in an area 
depends mainly upon the climate. Wherever the climate 
is modified by local relief, however, the kinds of plants 
vary according to the position on the landscape. Grasses 
were the dominant native vegetation in the Tri-County 
survey area, and tall grasses were more abundant than 
other kinds. 

Grasses use a large amount of calcium and magnesium. 
They bring these elements to the surface in their stalks and 
leaves. Then, when the plant dies and decays, the calcium 
and magnesium are deposited in the surface layer. The 
remains of plants are rapidly decomposed by the bacteria 
in the soil, and the organic matter thus returned to the 
soil each year contains a good supply of plant nutrients. 
As a result of this decomposition, the content of organic 
matter increases in the soil profile, and plant nutrients are 
returned to the upper part. 

The products of bacterial decomposition are stable and 
are relatively insoluble. They are only slightly mobile 
when they are in.a nearly neutral medium in which the 
colloids have been flocculated by calcium. The result, 
where plants have decomposed and the organic matter has 
been mixed into the surface layer, is a very dark colored 
A1 horizon high in content of organic matter. 

The kind of vegetation is influenced by local relief. For 
example, runoff is rapid in the’steep areas occupied by the 
Buse soils. As a result, the amount of water that enters 
the soilsis reduced. In these areas the dominant vegetation 
was mid and short grasses, although it also included 
needleleaf sedge. The kinds of grasses included blue 
grama, sideoats grama, little bluestem, prairie junegrass, 
needle-and-thread, and western wheatgrass. The native 
vegetation on the Barnes soils, which are well drained, 
was tall and mid grassés. Green needlegrass, western 
wheatgrass, little bluestem, needle-and-thread, and side- 
oats grama were the important grasses on those soils. 

The native vegetation on the Svea soils, which are 
moderately well drained, was tall grasses, mainly green 
needlegrass, big bluestem, switchgrass, and porcupine- 
grass. The vegetation on the Parnell soils, which are 
poorly drained, was dominated by prairie cordgrass, 
mannagrass, rivergrass, and rushes. 

Retier.—The content of water in the soil, the tempera- 
ture of the soil, and the degree of erosion are all related 
to the microclimate of a given area, as affected by relief. 
Relief, and therefore the microchmate, also influences the 
kind and amount of vegetation in a given area. Facts 
about the relief of the survey area are described in the 
section “Physiography, Relief, and Drainage” near the 
front of the report. ‘The components of relief that gen- 
erally affect the development of soils are elevation, ex- 
posure, and slope. Elevation and exposure, however, have 
had little or no effect on the development of soils in the 


survey area. This is because the differences in elevation 
in this area are so slight, only about 200 feet, that they have 
not noticeably changed the effects of the temperature, pre- 
cipitation, and evaporation on the development of a soil 
profile. Also, the effects of exposure, or direction of slope, 
are insignificant in the survey area. On the north-facing 
slopes of the valley of the Maple River, for example, woody 
vegetation grows higher up the slope than on the south- 
facing slopes. Not enough time has elapsed, however, 
since formation of the soils has taken place, for the trees 
and other woody plants to have had observable effects upon 
the development of the soil profile. 

Slope is the one component of relief that, has influenced 
the formation of soils in this area. The degree of slope 
influences the amount and velocity of runoff and the degree 
of erosion. The shape of the slope, whether convex, con- 
cave, or a nearly level plane, influences whether precipita- 
tion runs off, flows across, or accumulates in low or less 
steep areas, 

Soils in which differences in slope have modified the 
factors of climate and plants and animals are those of the 
Barnes, Buse, Svea, and Tetonka series. AJ] of these soils, 
except the Tetonka, developed in loam glacial till of the 
same age, but all of the soils have slopes of a different 
gradient or of a different shape. ‘The Tetonka soils, unlike 
the other soils, developed in a layer of local alluvium of 
variable thickness over glacial till. 

In the Barnes soils, which are well drained, are expressed 
the maximum effects of the active factors of soil formation, 
climate and living organisms. The Buse soils are steeper 
than the Barnes, and water runs off them more rapidly 
than off the Barnes soils. Also, erosion is more rapid and. 
less water enters the soil. The soil material is removed 
through erosion almost as soon as it is added to the Al 
horizon. Although the Buse soils developed in glacial till, 
the oldest sediment in the survey area, mainly under mid 
and short grasses, their steep relief slows the effects of the 
other factors of soil formation. Asa result, the Buse soils 
exceed the Faircale soils in degree of profile development 
only in having a darker Al horizon. This is true, even 
though the Fairdale soils formed in the most recently de- 
posited sediments in the survey area and do not have a 
well-developed profile. 

The Svea soils are on gentle, concave slopes, and they 
receive additional moisture as runoff from the adjacerit 
higher areas. Because of this extra moisture, the native 
vegetation on the Svea soils was a luxuriant growth of tall 
grasses. The grasses added organic matter and a large 
amount of plant nutrients to the soils and made the Al 
horizon thicker than that in soils developed under a sparse 
cover of vegetation. The Svea soils are leached of lime to 
a greater depth than the Barnes soil because more water 
percolates through their profile. 

The Tetonka soils are in shallow closed depressions in 
which water is ponded intermittently when runoff water 
accumulates, The amount of moisture received by these 
soils far exceeds the amount received through precipita- 
tion. The additional water increases percolation, weather- 
ing, oxidation and. reduction, and the formation of clay. 
Translocated clay and organic colloids have accumulated 
in the B horizon. The native vegetation was tall grasses 
and sedges. 

Time.—Time is a passive factor of soil formation. If 
all other factors are equal, the development of soil char- 
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acteristics depends upon the length of time the soil material 
has been exposed to the soil-forming processes. For ex- 
ample, two soils may differ in the degree of expression of 
soil properties, even though they developed in the same 
kind of parent material, under a similar climate and simi- 
lar vegetation, and have the same kind of relief. This is 
because of differences in the length of time the forces of 
soil formation have been operative. Soils that have been 
exposed to the forces of soil development over the longer 
period of time will have the most strongly developed 
profile. 

The glacial till and sediments deposited in glacial lakes 
have been exposed to the processes of soil formation for 
about ten thousand years. The alluvium in the stream val- 
leys is much younger. It has been exposed to the processes 
of soil formation for only a few tens or hundreds of years. 


Classification of Soils 


Soils are classified so that we may more easily remember 
their significant characteristics; assemble knowledge about 
them; see their relationships to one another and to the 
whole environment; and develop principles that help us 
understand their behavior and response to manipulation. 
First, through classification, and then through use of soil 
maps, we can apply our knowledge of soils to specific fields 
and other tracts of land. 

Two systems of natural classification of soils are now in 
general use in the United States. One of these is the 1938 
system, with later revisions (1, 6, 10, 15). The other, a 
completely new system, was placed in general use by the 
Soil Conservation Service at the beginning of 1965 
(18,16). F . ; 

The 1938 system, with later revisions, consists of six 
categories. In the highest of these, soils of the whole 
country have been placed into three orders. The next two 
categories, the suborder and family, have not been fully 
developed. As a consequence, they have not been used 
much, Attention has been centered on lower categories, 
the great, soil group, the soil series, and the soil type. A 
further subdivision of the soil type, called the soil phase, 
has been clearly defined, along with soil type and soil 
series, in the section “Flow Soils Are Mapped and Classi- 
fied” in the front of this report. In this report the 1938 
system, with later revisions, is explained more fully than 
the new system. 

In the highest category of the 1938 classification system 
are the zonal, intrazonal, and azonal orders. The zonal 
order consists of soils with evident, genetically related 
horizons that reflect in their formation the dominant in- 
fluences of climate and living organisms, chiefly vegeta- 
tion. Typical zonal soils have a thick, black Al horizon 
that has weak granular structure. They also have a very 
dark grayish-brown B horizon that has prismatic structure. 
In most of the zonal soils of the survey area, a horizon of 
lime accumulation, the Cca horizon, underlies the B 
horizon. 

In the intrazonal order are soils that have evident, genet- 
ically related horizons that reflect the dominant influence 
of some local factor of relief, drainage, or parent material 
over the influences of climate and vegetation. 

The azonal order consists of soils that lack distinct, 
genetically related horizons, generally because of youth, 
resistant parent material, or steep relief. 


SURVEY 


The classification of the soil series of the Tri-County 
survey area into orders and great soil groups under the 
1988 classification system is shown in the following 
tabulation: 


Order and great 
soil group 
Zonal— Series 
Barnes, Eckman, Egeland, 
Chiaiogen to. Embden, Fordville, Gardena, 
Hecla, Maddock (intergrad- 
ing toward Regosols), Overly, 
Renshaw, Spottswood, Svea. 
Intrazonal— 
Grumusol____-__ Fargo. 
Humi Dimmick, Hamar, Lamoure, 
Tumic Gley—---- | Parnell, Perella, Rauville, 


Tiffany. 
Planosol _---___- Tetonka. 
Arveson, Bearden, Borup, 
Solonchak____-_. | Divide, Glyndon, Hamerly, 
Ulen, Vallers. 
Solonetz________ Aberdeen, Exline, Stirum. 
Azonal— 
Alluvial---~---~ Fairdale, La Prairie (inter- 
ad toward 
hernozems). 
Regosol____-_-_- Buse, Sioux, Zell. 


The new system of soil classification recently adopted 
by the Soil Conservation Service also contains six cate- 
gories. They are, beginning with the most inclusive, the 
order, suborder, great group, subgroup, family, and series. 

In this system the criteria used as bases for classification - 
are observable or measurable soil properties. The prop- 
erties are so chosen, however, that soils of similar genesis 
or mode of origin are grouped together. 

In the following paragraphs the great soil groups of the 
1938 classification system are defined. Tach soil series in 
the great group has also been tentatively placed in a sub- 
group of the new comprehensive system. 


CHERNOZEMS 


Chernozems are the zonal soils of the survey area. 
Typically, they have a thick, black or nearly black A1 hori- 
zon rich in content of organic matter; a brown or very dark 
grayish-brown transitional B2 horizon that may contain 
more clay than the A horizon; and a lighter colored C 
horizon that has an accumulation of lime at a depth of 114 
to4 feet. Their Al horizon is slightly acid to neutral, and 
the soil material above the Ceca horizon becomes more 
alkaline with increasing depth. Base saturation is greater 
than 85 percent. The Chernozems developed under tall 
grasses or a mixture of tall and short grasses in a sub- 
humid, temperate to cool temperate climate. 

In the survey area: the Chernozems are nearly level to 
sloping and are well drained or moderately well drained. 
They developed in material of glacial origin—till, out- 
wash, and sediments deposited in glacial lakes. ‘This ma- 
terial is of mixed mineralogy. It ranges from silty clay 
loam to fine sand in texture. 

The Chernozems that developed in loam to silty clay 
loam (Barnes and Overly) have an Al, B2, Cea, and C se- 
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quence of horizons. The A1 horizon is black and has erumb 
or granular structure. It is slightly acid to neutral and 
contains 4 to 5 percent organic matter. The B2 horizon is 
very dark grayish brown to dark grayish brown. In the 


moderately well drained soils, it has faint mottles of gray. 


and reddish brown, and the color boundaries are less dis- 
tinct than in well-drained Chernozems. The B2 horizon 
has weak to moderate prismatic structure. It is neutral 
in the upper part and mildly to moderately alkaline in 
the lower part. The Cca horizon is grayish brown to 
brownish gray and is moderately alkaline and high in 
content of lime. The caleium carbonate equivalent is 
between 15 and 25 percent in most places. The C hori- 
zons below the Cca horizon are grayish brown and are 
moderately alkaline. They have a calcium carbonate 
equivalent, in the lower part, of 10 to 18 percent but most 
commonly between 12 and 16 percent. In places the C 
horizon. contains gypsum crystals and is slightly saline. 

The Chernozems that developed in material of fine sandy 
loam texture (Egeland and Embden) have weak prismatic 
structure in the B2 horizon, They have an indistinct Cea 
horizon. 

The Chernozems that developed in material of loamy fine 
sand texture (Hecla and Maddock) have a B horizon that 
is primarily a color B horizon because prismatic structure 
has not developed. They lack a Cca horizon and are com- 
monly nonealeareous to a depth of 5 feet or deeper. 

The major processes in the development of Chernozems 
are (1) the leaching of carbonates and salts from the A 
and B horizons, (2) the accumulation of organic matter, 
(3) the development of-structure in the A and B horizons, 
(4) changes in color in the A and B horizons, and (5) the 
accumulation of lime in the upper C horizon to form a 
Cea horizon. For the Chernozems in the Tri-County sur- 
vey area, the length of time the parent material has been 
affected by the other factors of soil formation has been 
too short for the formation, removal, and accumulation of 
a significant amount of clay. 

Following are the soil series in the Chernozem great 
soil group. Also named are the subgroups in the new 
comprehensive system into which each series has been 
tentatively classified : 


Subgroup in the new 


Soil Series comprehensive system 


Barnes_-_---. Typic Haploborolls. 
Eckman____- Typic Haploborolls. 
Egeland__.__ Typic Haploborolls. 
Embden__-__- Aquic Cumulic Hapleborolls 
Fordville_-__. Typic Haploborolls. 
Gardena_-___- Aquic Cumulie Haploborolls 
Hecla______-. Aquic Cumulic Haploborolls 
Maddock-_-__. Entice Haploborolls. 
Overly_--_--. Aquie Cumulice Haploborolls. 
Renshaw__-__. pic Haploborolls. 


Spottswood_. Cumulic Haploborolls. 
Svea________ Aquic Cumulic Haploborolls. 


GRUMUSOLS 


Grumusols are an intrazonal group of soils that have a 
profile rather high in content of clay, relatively uniform 
in texture, and marked by signs of local soil movement 
resulting from shrinking and swelling as the soils wet and 
dry. Many of these soils have a thick, dark A horizon over 
a limy C horizon; others are uniform in general appear- 


ance, except for the signs of churning. The soils of this 
great group formed in parent material high in content of 
clay, or in alkaline soil material, or from rocks that pro- 
vided abundant clay and alkaline soil material upon 
weathering. Soils'of this group occur mainly in a climate 
where wet and dry seasons alternate. 

The sequence of horizons in the Grumusols is Al, Bg, 
and Cg. The Al horizon is black, is neutral to mildly 
alkaline, and has strong, fine, granular and blocky struc- 
ture. The Bg horizon is olive gray. It is moderately 
alkaline and is slightly calcareous in the lower part. The 
structure of the Bg horizon is strong, fine, blocky. The B2 
horizon is discontinuous. It is broken by vertical, wedge- 
shaped, black tongues of material from the Al horizon 
that extend downward into the C horizon at intervals of 
12 to 36 inches. The Bg horizon grades to an olive-gray C 
horizon that has strong blocky structure. It is calcareous 
and moderately alkaline, and it contains clusters of gypsum 
crystals in some places. The lower part of the C horizon 
is slightly saline. When these soils are dry for a long 
period, cracks develop that are 1 to 8 inches wide and as 
much as 86 inches deep. Soil material from the surface 
layer falls or is washed into these shrinkage cracks and 
develops into block-shaped tongues. Slickensides occur 
in places in the lower part of the Bg horizon and in the 
Cg horizon. 

The principal processes in the formation of Grumusols 
are (1) the accumulation of organic matter, (2) the leach- 
ing of soluble salts from the Al and Bg horizons into the 
C horizons, (8) the development of colors associated with 
wetness, (4) the leaching of carbonates from the Al and 
upper part of the Bg horizon, (5) the development of 
common. deep tongues of material from the Al horizon 
that extend downward into the C horizon, and (6) the 
development of oceasional slickensides in the lower part 
of the Bg horizon and in the C horizon. 

In the Tri-County survey area, the only soil series in the 
Grumusol great soil group is the Fargo. The Fargo are 
nearly level soils developed in areas of clayey sediments 
deposited in glacial lakes. These soils have a high content 
of expanding 2:1 lattice clays. The Fargo series has been 
classified in the Haplaquoll great group of the new com- 
prehensive system. 


HUMIC GLEY SOILS 


The Humic Gley soils are in the intrazonal order. They 
are a group of poorly drained or very poorly drained soils 
that have a thick, black A horizon, high in content of 
organic matter, over a gray or mottled B or C horizon. 
These soils formed in low areas or depressions under 
marsh plants or swamp forest in a subhumid, cool-temper- 
ate to warm-temperate climate. In this survey area the 
Humic Gley soils developed in material of glacial origin— 
till, outwash, and lake sediments of mixed mineralogy. 
The texture of this glacial material ranges from loamy 
fine sand to clay. In the modal Humic Gley profile, lime 
has been leached from the A and B horizons but some 
profiles have free lime throughout. 

Except for the Hamar and Dimmick soils, which lack 
a B horizon, the sequence of horizons in the typical Humic 
Gley soils is Al, B2g, and Cg. The A1 horizon is black, 
is slightly acid to moderately alkaline, and contains a large 
amount, 5 to 10 percent, of organic matter. The B2 
horizon is gray or olive gray to dark grayish brown and 
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is gleyed and mottled. The reaction ranges from slightly 
acid to moderately alkaline. In the Parnell and Perella 
soils, the B2g horizon is an illuvial horizon that contains 
accumulated clay; the Cg horizon is neutral to moderately 
alkaline and is mottled and gleyed. The Hamar soils 
developed in coarse-textured material. Instead of a B 
horizon, they have a transitional horizon (AC or Ag) be- 
tween the A. and Cg horizons. 

The major processes in the formation of Humic Gley 
soils are (1) the leaching of soluble salts from the profile, 

2) the leaching of carbonates from the A and B horizons, 
(3) the accumulation of organic matter, (4) the develop- 
ment of colors associated with restricted drainage, that is, 
mottling and low chroma, (5) the formation of clay, and 
(6) in the Parnell and Perella soils, the accumulation of 
clay in the B2 horizon. 

Following are the soil series in the Humic Gley great soil 
group. Also named are the subgroups in the new com- 
prehensive system into which each series has been tenta- 
tively classified : 


Subgroup in the new 


Soil serics comprehensive system 
Dimmick---..2-_2__. Cumulic Haplaquolls. 
Hamar_------.----.. Typic Haplaquolls. 
Lamoure__-—--_ Cumulic Haplaquolls. 
Parnell_---_--.-___- Cumulic Argiaquolls. 
Perella__-_----...--. Typic Argiaquolls. 
Rauville___----_____. Cumulic Haplaquolls. 
Tiffany_--------- 2. Typic Haplaquolls. 


PLANOSOLS 


Planosols are in the intrazonal order. They are a group 
of soils that have an eluviated surface horizon underlain 
by a B horizon more strongly illuviated, cemented, or 
compacted than that of associated soils. These soils de- 
veloped in nearly level wpland areas. They are in small, 
shallow, closed depressions where drainage is somewhat 
poor or poor or in large depressions that receive only a 
limited amount of runoff. Deep ponding for prolonged 
periods seldom occurs in these areas, but the soils are 
frequently subjected to intermittent ponding. In this 
survey area the Planosols developed in material of glacial 
origin—local alluvium over glacial till of mixed mineral- 
ogy. ‘The texture of this glacial material ranges from loam 
to clay loam. 

The sequence of horizons in the Planosols is Al, A2, B2, 
and C. ‘The Al horizon is black to very dark gray, and it 
has moderate crumb and granular structure. The AQ 
horizon is dark gray to gray and has thin platy structure. 
The B2 horizon is dark grayish brown and has compound 
weak prismatic and strong blocky structure. 

On the basis of depth of leaching, degree of acidity, and 
the formation and translocation of clay, the Planosols 
exhibit the greatest degree of profile development of any 
of the soils in the survey area. The A1 horizon is slightly 
acid to strongly acid, and the A2 and B2 horizons are 
medium acid to strongly acid. The C horizon of these 
soils becomes less acid with increasing depth. Free lime 
generally occurs within 5 feet. of the surface, and the soil 
material in most areas is mildly alkaline within that depth. 
Some profiles that are more strongly leached than others, 
however, are medium. acid to a depth of 5 feet. 

-In_ the Tri-County survey area, the only soil series in 
the Planosol great soil group is the Tetonka. The Tetonka 
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series has been tentatively classified in the Aquollic 
Argialboll subgroup of the new classification system. 


SOLONCHAKS 


The calcareous Solonchak soils are in the intrazonal 
order. They developed under grass in nearly level or 
undulating areas where drainage was moderately good 
to poor and where there was a seasonal high water table. 
The material in which they developed has a texture of fine 
sandy loam to silty clay loam and is of mixed mineralogy. 
It consists of glacial till, outwash, and sediments deposited 
in glacial lakes. 

The Solonchak soils have an Al, Cea, and C sequence of 
horizons. Their Al horizon is black to gray, mildly alka- 
line to moderately alkaline, and caleareous. It has mod- 
erate crumb and granular structure. In places there is a 
gray transitional Alca horizon between the Al and Cea 
horizon. The Cea horizon is dark gray to light brownish 
gray. It hag weak, coarse, blocky and prismatic structure, 
is mildly to moderately alkaline, and has a calcium car- 
bonate equivalent of 15 to 40 percent. The C horizon 
ranges from light olive brown to yellowish brown and has 
distinct mottles; the poorly drained Solonchak soils have 
more abundant mottling higher in the C horizon than the 
moderately well drained to somewhat poorly drained soils 
of this group. In most places the lower part of the C 
horizon has a calcium carbonate equivalent of 10 to 12 
percent. In the soils developed in loam to silty clay loam, 
the lower part of the C horizon is slightly to moderately 
saline. 

Except for the Borup and Arveson soils, the Solonchak 
souls of the survey area have developed in areas similar 
to those in which the Chernozems developed. Because of 
the influence of the water table, however, they have a 

rofile that has an Al, Cea, and C sequence of horizons 
instead of an Al, B2, Cca, and C sequence. 

During periods when the water table is high, capillary 
water can rise to the surface or near the surface. Then, 
the calcium carbonate carried in solution is precipitated in 
the upper part of the profile as the volume of water is 
lowered by plant use, surface evaporation, or both. When 
the water table is low, the dominant movement of the water 
that enters the soil from precipitation or other sources is 
downward. As the water moves downward, it leaches 
some of the carbonates from the A1 horizon and the upper 
part of the Cca horizon. 

As an example, the Hamerly soils in the Solonchak great 
soil group and the Barnes soils in the Chernozem great, 
soil group developed in similar material of calcareous loam 
glacial till. The carbonates have been leached to a greater 
depth in the Barnes soils than in the Hamerly, however, 
and only partial leaching of carbonates has taken place in 
the Hamerly soils. The Barnes soils, although leached to 
a greater depth, have a Ceca horizon that is lower in con- 
tent of calcium carbonate than that of the Hamerly soils. 
The lower part of their C horizon contains more calcium 
carbonate than the lower part of the C horizon in the 
Hamerly soils. The difference in content of lime in the 
Cca horizon and the lower C horizon indicates that (1) 
the Solonchak soils have developed under conditions in 
which the upward movement of water from the water 
table exceeded the downward movement of water from 
precipitation, and (2) the upward movement of water has 
removed some of the carbonates from the lower C horizon. 
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The Ceca horizon of the Solonchak soils has the highest 
percentage of clay of any of the horizons in the profile. In 
most areas more than half of the carbonate particles in that 
horizon are of clay size, a higher percentage than is pres- 
ent in the Cca horizon of soils in other great groups. ‘The 
clay-size particles of carbonates do not have the charac- 
teristic platelike shape, the stickiness and plasticity, and 
the cation-exchange capacity of the silicate clay minerals. 
The cation-exchange capacity in the C horizon, which con- 
tains much less clay than the Cea, exceeds that of the 
Cea horizon in many profiles, Also, in many profiles the 
percentage of carbonate particles of clay size exceeds that 
of any silicate clay mineral and may be greater than the 
combined percentages of all the other clay particles present. 

The major processes in the development of the Solon- 
chak soils ave (1) accumulation of organic matter, (2) 
leaching of soluble salts from the Al and upper C horizons, 
(8) partial leaching of carbonates from the Al horizon 
and the partial removal of carbonates from the lower C 
horizon, (4) the accumulation of lime below the A1 hori- 
zon, and. (5) the development in the C horizon of colors 
associated with restricted drainage, that is, mottling in the 
moderately well drained or somewhat poorly drained soils 
and low chroma and mottling in the poorly drained soils. 

Following are the soil series in the Solonchak great soil 
group. Also named are the subgroups in the new com- 
prehensive system into which each series has been tenta- 
tively classified : 

Subgroup in the new 


Soil series comprchensive systent 

Arveson_-.---------. Typic Calciaquolls. 
Bearden______ Aeric Calciaquolls. 
Borup-_--- Typic Calciaquolls. 
Divide__--___ Aeric Calciaquolls. 
Glyndon Aeric Calciaquolls. 
Hamerly___...-_----- Aeric Calciaquolls. 
Uleneen end ok Aeric Calciaquolls. 
Vallets.- cee lens! Typic Calciaquolls. 


SOLONETZ SOILS 


The Solonetz soils are in the intrazonal order. They 
have a friable surface horizon of variable thickness, and 
this surface horizon is underlain by dark, hard soil mate- 
rial, generally of columnar structure. Ordinarily, the 
Solonetz soils are highly alkaline. In the survey area the 
Solonetz soils developed in nearly level places where drain- 
age was poor and there was a large amount of sodium. 
The material in which they developed is glacial lake sedi- 
ments of fine sandy loam. ‘These sediments are of mixed 
mineralogy. 

The sequence of horizons in the Solonetz soils is A1, B2, 
and C, but the profile is weakly developed. The At hori- 
zon is moderately alkaline and calcareous and is 10 to 15 
percent exchangeable sodium. The B2 horizon is very 
dark gray, calcareous, strongly alkaline fine sandy loam 
that has weak, very coarse, columnar structure. The C 
horizon is calcareous, strongly alkaline, and saline. Ex- 
changeable sodium in the B and C horizons exceeds 80 per- 
cent. The presence of carbonates or salts, or both, in the 
A and B horizons of the Solonetz soils prevents the high 
degree of dispersion and the hard crusting that is typical 
in the horizons of the solodized Solonetz soils that have 
a high content of exchangeable sodium. 
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The principal processes in the formation of the Solonetz 
soils are (1) the accumulation of organic matter, (2) the 
partial leaching of soluble salts, carbonates, and sodium 
from the Al horizon, and (3) the development of weak 
columnar structure in the B2 horizon. 

Solodized Solonetz soils have developed in material of 
loam to clay texture. The sequence of horizons in their 
profile is Al, A2, B2, and C. The Al horizon is black 
loam to silty clay loam that has crumb and granular struc- 
ture. It is slightly acid to mildly alkaline. ‘The A2 hori- 
zon is slightly acid to neutral and is very dark gray very 
fine sandy loam to silt loam that has platy structure. The 
B2 horizon is very dark grayish-brown silty clay loam to 
silty clay that has strong columnar or prismatic structure. 
The reaction ranges from mildly alkaline to strongly 
alkaline. In some soils the lower part of the B2 horizon 
is saline. The C horizon is saline and is moderately to 
strongly alkaline. 

The ratio of exchangeable calcium to magnesium in the 
B2 horizon is less than 1. Exchangeable sodium exceeds 
15 percent in the B and upper C horizons. Horizons that 
are high in content of exchangeable sodium disperse when 
they are wet. 

The important processes in the development of these 
soils are (1) the leaching of salts from the Al, A2, and 
upper B2 horizons and their accumulation in the lower B 
and C horizons, (2) the accumulation of organic matter, 
(3) an increase in the content of exchangeable sodium in 
the A. horizon, (4) dispersion and the translocation of clay 
from the A horizon to the B horizon, (5) a decrease in the 
percentage of exchangeable sodium in the A horizon and 
an. increase in percentage of exchangeable sodium in the B 
horizon, and (6) the development of acidity in the A2 
horizon and a low Ca:Mg ratio in the B2 horizon. In this 
survey area the Exline soils are weakly solodized. The 
Aberdeen soils are moderately solodized. ; 

Following are the soil series in the Solonetz great soil 
group. Also named are the subgroups in the new com- 
prehensive system into which each series has been tenta- 


tively classified : 
Subgroup in the new 


Soil series comprehensive system 

Aberdeen__-_----.-- Typic Natriborolls. 
Texline.___-------~~- Mazic Natriborolls. 
Stirumsa.i252022.25-! Typic Natraquolls. 


ALLUVIAL SOILS 


Alluvial soils are in the azonal order. They are develop- 
ing in recently deposited alluvium on flood plains. . This 
alluvium has been exposed for such a short time that it has 
been but slightly modified by the factors of soil formation. 

The sequence of horizons in the Alluvial soils is A-C. 
The A horizon is slightly darkened by accumulated organic 
matter and soluble salts, and some of the calcium carbo- 
nates have been leached from the A horizon and the upper 
part of the C horizon. The profile is moderately alkaline 
and calcareous throughout. . 

Following are the soil series in the Alluvial great soil 
group. Also named are the subgroups in the new compre- 
hensive system into which each series has been tentatively 


classified : 
Subgroup in the new 


Soil series comprehensive system 


Fairdale__-_------_- Typic Udifluvents. 
La Prairie Cumulie Haploborolls. 
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REGOSOLS 


Regosols are in the azonal order. They developed in 
unconsolidated material in areas where drainage was ex- 
cessive. This excessive drainage was caused either because 
of the steep slopes and rapid runoff or because of the coarse 
texture of the parent material. These soils developed in 
material of glacial origin—till, outwash, and sediments 
deposited in glacial lakes. Their parent material is of 
mixed mineralogy, and its texture ranges from loam to 
fine sandy loam. 

Except for the Alluvial soils, the Regosols have the 
least profile development of any of the soils in the survey 
area. The sequence of horizons is generally A1-C. In the 
Buse and Zell soils of the survey area, the Al horizon is 
black to dark gray, and it has weak to moderate crumb 
and granular structure. The Al horizon grades to the C 
horizon, and there is a weakly expressed AC, Alca, or Cea 
transitional horizon in places. The Al horizon is mildly 
alkaline in some areas, but the soils are generally mod- 
erately alkaline and calcareous throughout. 

In the Sioux soils the profile consists of a noncalcareous, 
neutral to mildly alkaline Al horizon of black gravelly 
sandy loam to gravelly loam that has weak crumb struc- 
ture. The Al horizon is Jess than 10 inches thick and is 
underlain by a TIC horizon of loose gravelly coarse sand 
and gravel. The lower sides of the pebbles in the upper 
part of the IIC horizon are coated with lime. 

The major processes in the development of Regosols are 
(1) the accumulation of organic matter, (2) the leaching 
of soluble salts from the A horizon, and (3) the removal 
of part of the calcium carbonate from the A horizon. 

Following are the soil series in the Regosol great soil 
group. Also named are the subgroups in the new compre- 
hensive system into which each series has been tentatively 
classified : 


Soil series 


Subgroup in the new 
comprehensive eystem 


Buse.. 2254 02-22208:, Entic Haploborolls. 
SIOUX = 2-24 sy sb Entice Haploborolls. 
Pele 2 Li ees oa: Entic Haploborolls. 


Descriptions of the Soil Series 


In the following pages the soil series in the county are 
described in alphabetic order. For each series a detailed 
description of a typical profile is given. 


Aberdeen Series 


The Aberdeen series consists of somewhat poorly drained 
solodized Solonetz soils developed in glacial lake sediments 
of silt loam, silty clay loam, and clay. These soils are in 
nearly level areas or in slight depressions in the Jake plain 
and the eastern edge of the beach area. On the lake plain, 
they developed in a thin layer of silt loam underlain by 
lacustrine clay. The fine texture of their B2 horizon is 
more nearly the result of the fine texture of their parent 
material than the result of iuviation. 

These soils have an Al horizon of black silt loam and a 
distinct gray A2 horizon. Their B2 horizon is very dark 
grayish-brown clay that is very firm when moist and very 
plastic when wet. It has compound columnar and blocky 
structure. The C horizon is dark grayish-brown to olive- 
gray silty clay that is very firm when moist and very sticky 
when wet. It contains soluble salts and segregations of 


gypsum. 


The Aberdeen. soils have a thicker A horizon than the 
Exline soils. They have compound columnar and blocky 
structure in the B horizon, unlike the Exline soils, in which 
a blocky structure has not developed in the B horizon. 
Also unlike the Exline soils, salts have leached from their 
B horizon. The Aberdeen soils have developed in finer 
textured material than the Stirum soils, and they have 
more distinct A2 and B2 horizons than the Stirum soils. 
They have an A2 horizon that is lacking in the Gardena 
and Overly soils, and the structure of their B2 horizon 
differs from that in the B2 horizon of the Gardena and 
Overly soils. The columnar structure in the B horizon 
and the soluble salts and gypsum in the C horizon distin- 
guish the Aberdeen soils from the Tetonka. 

Profile of Aberdeen silt loam 500 feet north and 200 feet 
we of the SE. corner of the NII, sec, 22, T. 142 N., R. 52 


Ap—0 to 9 inches, black (10YR 2/1.) silt loam, dark gray (10YR 
4/1) when dry; compound weak, coarse, blocky and 
weak, fine, granular structure; slightly hard, friable, 
slightly sticky and slightly plastic; clear, wavy 
boundary. 

A2—9 to 13 inches, very dark gray (10YR 3/1) loam, gray 
(LOYR 5/1) when dry; weak, thick, platy structure; 
slightly hard, very friable, slightly sticky and slightly 
plastic; abrupt, irregular boundary. 

ITB2—18 to 19 inches, very dark grayish-brown (2.5Y 8/2) 
clay, dark grayish brown (2.5Y 4/2) when dry; the 
surfaces of the peds are coated with black (10YR 2/1) 
to very dark brown (1OY¥R 2/2) ; compound moderate, 
medium, columnar and strong, fine, blocky structure ; 
prominent clay films; very hard, very firm, very sticky 
and very plastic; clear, wavy boundary. 

IIC1ca—19 to 36 inches, dark grayish-brown (2.5¥ 4/2) silty 
clay, light brownish gray (2.5Y 6/2) when dry; com- 
mon, medium, distinct, light brownish-gray (2.5Y 6/2) 
mottles, white (2.5Y 8/1) when dry; moderate, very 
fine, granular structure; hard, firm, sticky and plas- 
tic; strongly calcareous; gradual boundary. 

IIG21—86 to 50 inches, dark grayish-brown (2.5Y 4/2) clay, 
light brownish gray (2.5¥ 6/2) when dry; many, fine, 
distinct, light-gray (2.5Y¥ 7/1) mottles; strong, very 
fine, blocky structure; few distinct segregations of 
lime and nests of gypsum crystals; calcareous; grad- 
ual boundary. 

IIC22—50 to 60 inches, olive-gray (SY 4/2) clay, ight olive 
gray (5Y 6/2) when dry ; common, medium and coarse, 
prominent, yellowish-brown (10YR 4/4) and light- 
gray (10YR 7/2) mottles; massive; hard, very firm, 
very sticky and very plastic; segregations of gypsum 
crystals; calcareous. 


The A horizon ranges from 6 to 15 inches in thickness. 
The A2 horizon ranges from 2 to 5 inches in thickness and 
from very fine sandy loam to silt loam in texture. The 
texture of the B2 horizon ranges from silty clay loam to 
clay, and the structure of that horizon grades from mod- 
erate to strong. In places the clay films in the B2 horizon 
are distinct. The upper part of the columns in the B2 
horizon breaks readily to weak platy structure in. some 
places. The solum ranges from 18 to 80 inches in thick- 
ness. Depth to soluble salts ranges from 18 to 36 inches. 


Arveson Series 


In the Arveson series are poorly drained, calcareous 
Solonchak soils developed in moderately coarse textured 
and coarse textured glacial lake sediments. These soils 
are in low, nearly level areas and in shallow depressions. 
In most years the water table is at a depth of less than 3 
feet during a part of the growing season. 
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These soils have a weakly developed profile; the se- 
quence of horizons is Al, Cea, and C. The A1 horizon 
is black (l0YR 2/ uy , friable loam or fine sandy loam. The 
Cea horizons are light-gray (10YR 6/1) or dark-gray 
(10YR 4/1) to grayish-brown (2.5Y 5/1 or 5/2), friable 
fine sandy loam. The Cg horizon is grayish-brown 
(2.5Y 4/2), loose loamy fine sand to sand distinctly mot- 
tled with dark grayish brown (10YR 4/2) and yellowish 
brown (10YR 5/6). 

The Arveson soils occur with the Ulen, Hamar, Tiffany, 
Hecla, and Embden soils. They have lower chroma to a 
greater depth than the Ulen soils and have more mottling 
in the Cg horizon. The Arveson soils have distinct Cca 
horizons that are lacking in the Hamar and Tiffany soils. 
They lack the very dark grayish-brown B horizon that is 
present in the Hecla and Embden soils. The Arveson 
soils developed in coarser textured glacial lake sediments 
than the Borup soils. 

Profile of Arveson fine sandy loam 600 feet east and 150 
feet south of the NW. corner of sec. 15, T. 136 N., R. 53 W.: 

A1—0 to 10 inches, black (1OYR 2/1) fine sandy loam, dark 
gray (10YR 4/1) when dry; weak, medium, subangu- 
lar blocky and weak, fine, crumb structure; soft, very 
friable, and slightly sticky ; strongly calcareous; clear 
boundary. 

Clica—10 to 22 inches, dark-gray (10YR 4/1) fine sandy loam, 
light gray (10YR 6/1) when dry; compound weak, 
medium, subangular blocky and weak, coarse, crumb 
structure; slightly hard, very friable, slightly sticky 
and slightly plastic; strongly calcareous; clear bound- 


ary. 
C12ca—22 to 34 inches, light brownish-gray (2.5Y 6/2) loamy 
fine sand, light gray (2.5Y 7/2) when dry; weak, 
medium, crumb structure; loose; very strongly cal- 
eareous; clear, smooth boundary. 
C2g—4 to 60 inches, mottled dark grayish-brown (2.5Y 4/2), 
light olive-brown (2.5Y 5/4), dark grayish-brown 
(10YR 4/2), and yellowish-brown (10YR 5/6) loamy 
sand; structureless (single grain); loose; strongly 
calcareous, 

The A horizon ranges from black (10YR 2/1) to very 
dark gray (10YR 3/1) in color, from loam to fine sandy 
loam in texture, and from 8 to 24 inches in thickness. The 
color of the Cca horizons ranges from dark gray or gray 
to light brownish gray in hues of 10YR and 2.5Y. The 
texture of those horizons ranges from loam or fine sandy 
loam to loamy fine sand, and their combined thickness 
ranges from 10 to 24 inches. In general the texture of the 
Cg horizon ranges from fine sandy loam to fine sand, but 
thin layers of silt loam or silty clay loam occur below a 
depth of 48 inches. The mottles in the Cg horizon are dis- 
tinct or prominent, and their color ranges from light olive 
brown (2.5Y 5/4) or olive brown (2.5Y 5/4) to dark 
grayish brown, dark yellowish brown, and yellowish brown 
in 1OYR hues. 

Barnes Series 


The Barnes series consists of well-drained Chernozems 
developed in friable loam glacial till. These soils are in 
convex areas in the gently undulating till plain. 

These soils have a weakly to moderately developed pro- 
file; the sequence of horizons is Al, B2, Cca, and C. The 
A1 horizon is black, friable loam. The B2 horizons are 
very dark grayish-brown, friable loam, generally with 
prismatic structure. The Cea horizon is grayish-brown 
to light-gray, friable loam. The other C horizons are 
olive-brown to grayish-brown, friable loam glacial till 
with a few dark-brown mottles. Varible amounts of 
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pebbles and stones, typical of the glacial till in this area, 
are in all the horizons and in the substratum. 

The Barnes soils occur with the Buse, Hamerly, Svea, 
Tetonka, and Vallers soils. ‘They havea B horizon that is 
lacking in the Buse and Hamerly soils, and depth to free 
carbonates is greater than in those soils. They have a 
thinner Al horizon than the Svea soils, and they have 
10YR instead of 2.5Y hues in the B horizon. The Barnes 
soils Jack the A2 and textural B horizon that are typical 
in the profile of the Tetonka soils. Unlike the Eckman 
soils, which developed in medium-textured sediments de- 
posited by glacial melt water, they developed in glacial till. 

Profile of Barnes loam 100 feet south and 110 feet east 
of the NW. corner of the SW, of sec. 27, T. 188 N., R. 
54 W.: 

Ap—O0 to 8 inches, black (10YR 2/1) loam, dark gray (10YR 
4/1) when dry; compound weak, medium, blocky and 
moderate, fine, crumb structure; slightly hard, very 
friable, slightly sticky and slightly plastic; abrupt, 
smooth boundary. 

B21—8 to 11 inches, very dark grayish-brown (10YR 3/2) 
loam, dark grayish brown (10YR 4/2) when dry; 
very dark gray (10¥R 8/1) coatings on the surfaces 
of peds; weak, medium, prismatic and subangular 
plocky structure; slightly hard, friable, slightly sticky 
and slightly plastic; clear, smooth boundary. 

B22—11 to 20 inches, very dark grayish-brown (10YR 8/2) 
loam, grayish brown (10YR 5/2) when dry; mod- 
erate, medium, prismatic and blocky structure; 
slightly hard, friable, slightly sticky and slightly 
plastic ; clear, smooth boundary. 

Clea—20 to 86 inches, grayish-brown (2.5¥ 5/2) loam, light 
gray (2.5Y 7/2) when dry; weak, medium and fine, 
subangular blocky structure; hard, friable, slightly 
sticky and slightly plastic; strongly calcareous; 
gradual boundary. 

C2—86 to 44 inches, light olive-brown (2.5¥ 5/5) loam, pale 
brown (2.5Y 7/4) when dry; a few, medium, distinct, 
yellowish-brown (10YR 5/6) mottles; weak, medium 
and fine, blocky structure; hard, friable, and slightly 
plastic; calcareous; gradual boundary. 

C3—44 to 60 inches, light olive-brown (2.5Y 5/4) loam, pale 
yellow (2.5Y 8/4) when dry; a few, prominent, dark- 
brown (7.5YR 4/4) mottles; moderate, medium, 
blocky structure; hard, friable, slightly sticky and 
slightly plastic; few gypsum crystals; slightly 
calcareous. 


The A horizon ranges from black (10YR 2/1) to very 
dark gray (10YR, 3/1) in color and from 4 to 8 inches in 
thickness. The combined thickness of the B horizons 
ranges from 6 to 18 inches. In places in the B horizons, 
there are faint clay films that, range from patchy to con- 
tinuous. The color of the Clca horizon ranges from 
grayish brown to light brownish gray in hues of 2.5Y. 
The texture of that horizon ranges from loam to light clay 
loam. In some places segregations of gypsum crystals are 
present in the Cea horizon. The color of the C2 and C3 
horizons ranges from light olive brown to grayish brown 
in 2.5Y hues. In many places the mottles in those horizons 
are few and distinct, but they are prominent in some places, 
and they range from yellowish brown to reddish brown or 
dark brown in color. In places the C2 and C8 horizons 
contain segregations of gypsum and soluble salts. The 
thickness of the solum ranges from 12 to 22 inches. 


Bearden Series 


The Bearden series consists of moderately well drained 
to somewhat poorly drained, calcareous Solonchak soils 
developed in medium-textured and moderately fine tex- 
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tured glacial lake sediments. These soils are nearly level 
and are on the lake plain. 

The horizon sequence in the profile of these soils is Al, 
Cea, and C. The Bearden soils have an Al horizon of 
black, friable silt loam to silty clay loam; a Coa horizon of 
light-gray to light grayish-brown, friable silt loam to silty 
clay loam; and a mottled C horizon of olive-gray to light 
olive-brown silt loam to silty clay loam. 

The Bearden soils occur with the Fargo, Glyndon, 
Borup, Overly, Gardena, and Perella soils. They are 
coarser textured than the Fargo soils and are finer textured 
than the Glyndon and Borup soils. The Bearden soils 
lack the B horizon that is typical in the profile of the 
Overly and Gardena soils, and they are less gleyed and 
are less mottled than the Borup soils. Unlike the Perella 
soils, the Bearden soils have a Cea horizon. 

Profile of Bearden silt loam 280 feet south and 200 feet 
east of the NW. corner of the SW, of sec. 10, T. 187 N., R. 
54 W.: 


Ap—0 to 8 inches, black (10YR 2/1) silt loam, dark gray (10YR 
4/1) when dry; compound weak, medium, subangu- 
lar blocky and moderate, fine, granular structure ; 
slightly hard, very friable, slightly sticky and slightly 
plastic; slightly caleareous ; abrupt, smooth boundary. 

Clca—8 to 14 inches, grayish-brown (2,5Y 5/2) silty clay 
loam with tongues of black (1LOYR 2/1) material from 
the A horizon; light brownish gray (2.5Y 6/2) when 
dry; compound weak, coarse, prismatic and subangu- 
lar bloeky structure; hard, friable, sticky and plastic; 
strongly calcareous; clear, wavy boundary. 

C2ca—14 to 24 inches, light-gray (2.5Y 7/2) silt loam, white 
(2.5¥ 8/2) when dry; weak, moderate, subangular 
blocky structure breaking to moderate, fine, crumb 
structure; hard, friable, slightly sticky and slightly 
plastic; very strongly calcareous; gradual, wavy 
boundary. 

C38—24 to 40 inches, light olive-brown (2.5Y 5/4) silt loam, pale 
yellow (2.5¥ 7/3) when dry; weak, medium and fine, 
blocky structure and moderate, fine, granular struc- 
ture; slightly hard, friable, slightly sticky and slightly 
plastic; calcareous; gradual boundary. 

C4—40 to 60 inches, light yellowish-brown (2.5Y 6/3) silt loam, 
pale yellow (2.5Y 7/4) when dry; many, fine, distinct 
mottles of light olive brown (2.5Y¥ 6/6) and light gray 
(N 7/0); hard, friable, slightly sticky and slightly 
plastic; calcareous; clear boundary, 


The color of the A horizon ranges from black (L0OYR 
2/1) to very dark gray (10YR 38/1), and that horizon is 
friable instead of very friable in some places. The texture 
of the A horizon ranges from silt loam to silty clay loam, 
and the thickness of that horizon ranges from 10 to 20 
inches. ‘The color of the Cea horizons ranges from grayish 
brown to light gray in 2.5Y hues. The texture of those 
horizons ranges from silt loam to silty clay loam, and their 
thickness ranges from 10 to 20 inches. The color of the C2 
and C3 horizons ranges from grayish brown or light olive 
brown to pale yellow in hues of 2.5Y. The color of the 
mottles in the C3 horizon ranges from light olive brown to 
light gray or dark yellowish brown. In places distinct 
varves occur below a depth of 48 inches. 


Borup Series 


The Borup series consists of poorly drained, calcareous 
Solonchak soils developed in medium-textured glacial lake 
sediments. These soils are in shallow depressions and in 
low, nearly level areas. 

The Borup soils have an A horizon of black, friable very 
fine sandy loam to silt loam and gray, friable Cea horizons 


of silt loam to very fine sandy loam, The other © horizons 
are gray to olive gray and are mottled and gleyed. In most 
places their texture becomes coarser with increasing depth. 

The Borup soils occur with the Hecla, Embden, Ulen, 
Gardena, and Glyndon soils. They developed in finer tex- 
tured sediments than the Hecla, ambden, and Ulen soils, 
and they lack the B2 horizon that is typical in the Gar- 
dena profile. The Borup soils have more strongly gleyed 
horizons than the Glyndon soils. 

Profile of Borup silt loam 240 feet east and 140 feet 
north of the SW. corner of sec. 32, T. 187 N., R. 52 W.: 


A1—0 to 18 inches, black (1OYR 2/1) silt loam, dark gray 
(10YR 4/1) when dry; compound weak, medium,. sub- 
angular blocky and moderate, fine, granular structure ; 
slightly hard, very friable, slightly sticky and slightly 
plastic; calcareous; clear, wavy boundary. 

Clgea—i18 to 27 inches, dark-gray (5Y 4/1) silt loam, gray 
(5Y 6/1) when dry; moderate, fine, granular struc- 
ture; slightly hard, friable, slightly sticky and slightly. 
plastic; strongly calcareous; gradual boundary. 

C2gca—27 to 38 inches, gray (SY 5/1) loam, light gray (5Y 
6/1) when dry; moderate, fine, granular structure; 
hard, friable, slightly sticky and slightly plastic; 
strongly calcareous, and contains a few, coarse, promi- 
nent, white (5Y 8/1) segregations of lime; abrupt, 
smooth boundary. 

IIC38g—88 to 46 inches, olive (5Y 5/3) fine sand, pale yellow 
(5¥ 7/3) when dry; many, coarse, prominent mottles 
of light olive brown (2.5Y 5/6) ; single grain; gradual 
boundary. 

TI1C4g—46 to 60 inches, mottled dark yellowish-brown (10XYR 
4/4) and olive (5Y 5/3) fine sand; single grain; loose. 


The color of the A horizon ranges from black (10YR 
2/1) to very dark gray (LOYR 3/1). The texture of that 
horizon ranges from very fine sandy loam to silt loam, and 
the thickness ranges from 8 to 20 inches. The color of the 
Cea horizons ranges from dark gray to light gray in 5Y 
hues, and the texture of those horizons ranges from very 
fine sandy loam to silt loam. The color of the Cg horizons 
ranges from olive (5Y 5/3) to pale yellow (SY 7/3), and 
the color of the mottles in those horizons ranges from olive 
brown (2.5Y 5/6) to dark yellowish brown (10YR 4/4) 
or light olive brown (2.5Y 5/6). The texture in the Cg 
horizons becomes coarser with increasing depth and ranges 
from loam to fine sand. In some areas the texture is fine 
sandy loam between a depth of 24 and 30 inches. 


Buse Series 


The Buse series consists of excessively drained, steep 
Regosols developed in glacial till of friable loam texture. 
These soils are on the crests of knolls and on the sides 
of stream valleys entrenched in the till plain. 

The texture of the Buse soils is loam throughout the pro- 
file. These soils have an Al horizon of black, friable loam 
that is slightly calcareous. They also have a weakly de- 
fined Cea horizon of dark grayish-brown, friable loam, and 
olive-brown to light olive-brown C2 and C3 horizons. 
Variable amounts of pebbles and stones, typical of the 
glacial till in this area, are in all horizons and in the sub- 
stratum. 

The Buse soils occur with the Barnes, Svea, Hamerly, 
and Vallers soils. They lack the B horizon that is typical 
in the profile of the Barnes and Svea soils. They have less 
lime in the Cca horizon than the Hamerly soils, and they 
have fewer distinct mottles in the C2 and C3 horizons than 
those soils. The Buse soils developed in glacial till rather 
than in glacial lake sediments like the Zell soils. 


TRI-COUNTY AREA, NORTH DAKOTA 


Profile of Buse loam 1,300 feet west and 200 feet south 
of the NE. corner of sec. 2, T. 141 N., R. 54 W.: 


A1—0 to T inches, black (10¥R 2/1) loam, dark gray (10YR 
4/1) when dry; moderate, medium, subangular blocky 
and moderate, fine, granular structure; slightly hard, 
very friable, slightly sticky and slightly plastic; 
slightly caleareous; clear boundary. 

Clca—7 to 26 inches, dark grayish-brown (2.5Y 4/2) loam, 
light brownish gray (2.5¥ 6/2) when dry; coarse, 
weak, prismatic breaking to moderate, medium, sub- 
angular blocky structuré ; hard, friable, slightly sticky 
and slightly plastic; strongly calcareous; gradual 
boundary. 

C2—26 to 36 inches, light olive-brown (2.5Y¥ 5/4) loam, light 
gray (2.5¥ 7/2) when dry; weak, medium, blocky 
structure; hard, friable, slightly. sticky and slightly 
plastic; calcareous, with a few, fine, white segrega- 
tions of lime; gradual boundary. 

C38—86 to 60 inches, light olive-brown (2.5Y 5/4) loam, Hght 
brownish gray (2.5¥ 6/2) when dry; a few, fine, dis- 
tinct mottles of dark yellowish brown (10YR 4/4) ; 
hard, friable, sticky and plastic; calcareous with a 
few fine segregations of lime. 


In areas of these soils that have not been disturbed, the 
color of the A horizon ranges from black (10YR 2/1) toa 
very dark gray (10YR 3/1) and the thickness of that hori- 
zon ranges from 4 to 8 inches. In areas that have been 
cultivated, the color of the Ap horizon ranges from dark 
gray in LOYR hues to grayish brown or light brownish 
gray in 2.5Y hues. The Clca horizon ranges from 6 to 20 
inches in thickness. 


Dimmick Series 


The Dimmick series consists of very poorly drained 
Humic Gley soils developed in fine-textured sediments de- 
posited in glacial lakes. These soils are in shallow depres- 
sions on the lake plain. 

The Dimmick soils have firm, black, clayey A horizons 
and a strongly gleyed, very firm, dark-gray, clayey AC 
horizon. Their C horizons are very firm and clayey and 
ave olive gray mottled with dark brown. 

The Dimmick soils occur with the Fargo soils, but un- 
like those soils, they have a neutral black color in the A 
horizon. ‘They also lack the prominent, deep tonguing 
of material from the A1 horizon into the B and C horizons. 

Profile of Dimmick clay three-tenths of a mile south 
and 180 feet west of the NE. corner of sec. 23, T. 141 N., R. 
52 W.: 


Alp—o to 8 inches, black (N 2/0) clay, dark gray (N 4/0) 
when dry; compound strong, fine, blocky and granular 
structure; hard, firm, sticky and plastic; abrupt, 
smooth boundary. 

A1i2—8 to 14 inches, black (2.5¥ 2/1) clay, dark gray (2.5Y 
4/1) when dry; compound moderate, medium, blocky 
and strong, fine, granular structure; hard, firm, sticky 
and plastic; clear, irregular boundary, 

A18g—14 to 18 inches, black (5Y 2/1) clay, dark gray (5Y 
4/1) when dry; a few, fine, faint, very dark brown 
(10YR 2/2) mottles; compound moderate, medium, 
blocky and strong, fine, granular structure; hard, firm, 
sticky and very plastic; clear, irregular boundary. 

ACg—18 to 36 inches, very dark gray (5Y 3/1) and olive-gray 
(5Y 4/2) clay, gray (5Y 6/1) when dry; compound 
moderate, medium and strong, fine and very fine, blocky 
structure; hard, very firm, very sticky and very plas- 
tic; slightly calcareous; gradual boundary. 

Clg—36 to 50 inches, olive-gray (5Y 4/2) clay, light olive gray 
(5¥Y 6/2) when dry; common, medium, distinct, dark- 
brown (10YR 8/3) mottles; massive; hard, very firm, 
very sticky and very plastic; slightly calcareous; clear 
boundary. 
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C2ges—50 to 60 inches, olive-gray (5Y 4/2) clay, light olive 
gray (5Y 6/2) when dry; common, medium, distinct, 
dark-brown (10¥YR 3/3) mottles; massive; hard, very 
firm, very sticky and very plastic; common nests of 
segregated gypsum crystals; slightly caleareous; clear 
boundary. 

C8g—60 to 66 inches, dark-gray (5Y 4/1) clay, light gray (5X 
6/1) when dry; common, medium, distinct, brown 
(10YR 4/3) mottles; massive; hard, very firm, very 
sticky and very plastic; segregations of gypsum crys- 
tals; slightly calcareous. 


The texture of the Al horizon ranges from silty clay to 
clay, and the thickness of that horizon ranges from 12 to 20 
inches. In some places the AC horizon is dark gray (5Y 
4/1) mottled with olive gray (SY 4/2), and that horizon 
ranges from 18 to 36 inches in thickness. The mottles in 
the Cg horizons range from few to common in abundance, 
and their color is LOYR 4/3 instead of 10OYR 3/3 in some 
places. In places segregations of gypsum occur below a 
depth of 48 inches. 

Divide Series 


In the Divide series are moderately well drained or-some- 
what poorly drained, calcareous Solonchak soils. These 
soils developed in moderately deep, medium-textured 
glacial lake sediments over gravel and sand. 

The sequence of horizons.in the Divide soils is Al, Cea, 
and TIC. In these soils the Al horizons are slightly eal- 
careous, dark-colored, friable or very friable loam and the 
Cea horizons are dark-gray to dark grayish-brown, friable 
loam or heavy sandy loam. The TIC horizons are gravel 
and coarse sand. 

The Divide soils occur with the Sioux, Renshaw, Spotts- 
wood, and Fordville soils. Unlike the Sioux soils, they 
have a Cea horizon above the gravelly substratum, and 
they lack the B horizon that is present in the profiles of the 
Renshaw, Spottswood, and Fordville soils. The profile 
of the Divide soils is somewhat like that of the Glyndon 
and Ulen soils, but gravel and coarse sand underlie the 


Cea horizon. 
Profile of Divide loam 550 feet south and 100 feet west 
of the NE. corner of sec. 6, T. 188 N., R. 53 W.: 


Alp—O to 6 inches, black (10YR 2/1) loam, dark gray (10YR 
4/1) when dry; compound weak, medium, subangular 
blocky and moderate, fine, granular structure ; slightly 
hard, very friable, slightly sticky and slightly plastic; 
slightly calcareous ; abrupt, smooth boundary. 

A12—6 to 17 inches, very dark gray (10¥R 3/1) loam, gray 
(10¥YR 5/1) when dry; compound weak, coarse, pris- 
matie and weak, medium, subangular blocky structure ; 
slightly hard, friable, slightly sticky and slightly plas- 
tic; slightly calcareous; clear, smooth boundary. 

Clea—17 to 22 inches, dark-gray (10YR 4/1) loam, gray (10YR 
6/1) when dry; weak, medium, subangular blocky 
structure; slightly hard, very friable, slightly sticky 
and slightly plastic; strongly calcareous and contains 
many distinct, white segregations of lime; clear, 
smooth boundary. 

IIC2ca—22 to 86 inches, dark grayish-brown (2.5Y 4/2) coarse 
sand and gravel, grayish brown (2.5Y 5/2) when dry; 
structureless; strongly calcareous; gradual boundary. 

IrC3—86 to 50 inches, dark grayish-brown (2.5Y 4/2) coarse 
sand and gravel, grayish brown (2.5Y 5/2) and light 
brownish gray (2.5Y 6/2) when dry; structureless; 
ealcareous; gradual boundary. 

TIC4—50 to 60 inches, dark grayish-brown (2.5Y 4/2) coarse 
sand and gravel, grayish brown (2.5Y 5/2) when dry; 
has a large proportion of shale in the sand ; structure: 
less; slightly calcareous, 


The color of the Ai horizons ranges from black to very 
dark gray in 10YR hues, and the combined thickness of 
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those horizons ranges from 10 to 17 inches. The combined 
Cea horizons range from 5 to 20 inches in thickness and 
from dark gray (10YR 4/1) to dark grayish-brown (2.5Y 
4/2) in color. The texture of the Cca horizon ranges from 
sandy loam to loam. The thickness of the coarse-textured 
part of the substratum is greater than 5 feet im most places, 
but it is only about 3 feet in a few places. ‘The coarse- 
textured material in the substratum ranges from gravel to 
coarse sand. 


Eckman. Series 


The Eckman series consists of well-drained, nearly level 
to rolling Chernozems. These soils developed in medium- 
textured sediments deposited by glacial melt water. The 
native vegetation was mid and tall grasses. 

The A horizon of the Eckman soils is black to very dark 
gray, friable loam, ‘These soils have a distinct B horizon 
of dark grayish-brown, friable very fine sandy loam to silt 
loam. 

The Eckman soils occur with the Zell and Gardena soils. 
They have a B horizon that is lacking in the Zell soils. 
Their A horizon is thinner and their B horizon is more 
distinct than that of the Gardena soils. The Eckman soils 
developed in finer textured material than the Egeland 
soils. They developed in water-deposited material instead 
of in glacial till, as did the Barnes soils. 

Profile of Eckman loam 950 feet. east and 150 feet north 


of the SW. corner of the SE\ of sec. 15, T. 142 N., R. 53 
W.: 

Ap—0 to 8 inches, black (10YR 2/1) loam, dark gray (10YR 
4/1) when dry; weak, medium, subangular blocky and 
moderate, fine, crumb structure; slightly hard, very 
friable, slightly sticky and slightly plastic; abrupt, 
smooth boundary. 

B21—8 to 15 inches, dark grayish-brown (10YR 4/2) silt loam, 
grayish brown (10YR 5/2) when dry ; compound weak, 
coarse, prismatic and weak, medium, subangular 
blocky structure; faint patches of clay films on the 
vertical surfaces of peds; slightly hard, friable, 
slightly sticky and ‘slightly plastic; clear boundary. 

B22—15 to 25 inches, dark grayish-brown (1LOXYR 4/2) silt loam, 
grayish brown (10YR 5/2) when dry; moderate, 
coarse, prismatic structure; faint patches of clay 
films on the vertical surfaces of peds; gradual bound: 
ary. 

B38—25 to 86 inches, light olive-brown (2.5¥ 5/5) silt loam, 
light yellowish brown (2.5Y 6/4) when dry; weak, 
coarse, blocky structure; hard, friable, slightly sticky 
and slightly plastic; gradual boundary. 

C1lca—36 to 44 inches, light olive-brown (2.5Y 5/4) very fine 
sandy loam, pale yellow (2.5Y 7/4) when dry; weak, 
medium, blocky structure; slightly hard, very friable, 
and slightly sticky; strongly calcareous; gradual 
boundary. 

C2—44. to 60 inches, light olive-brown (2.5Y 5/4) fine sandy 
loam, pale yellow (2.5Y 7/4) when dry ; weak, medium, 
blocky structure; soft, very friable, and slightly 
sticky ; calcareous, 


The A horizon ranges from black (10YR 2/1) to very 
dark gray (10YR 3/1) in color and from 6 to 8 inches in 
thickness. The texture of the B2 horizons ranges from 
very fine sandy loam to silt loam. The B horizons range 
from 10 to 30 inches in thickness. The color of the Cca 
horizon ranges from grayish brown to light olive brown 
in hues of 2.5Y, and the thickness of that horizon ranges 
from 6 to 14 inches. In places the soil material grades to 
loamy fine sand between a depth of 36 and 60 inches. In 
most. places, however, the texture is loam throughout the 


A and B horizons and grades to somewhat coarser tex- 
tured material below a depth of about 24 inches. Where 
these soils occur along the western edge of the Sheyenne 
Delta, they are underlain by friable glacial till at a depth 
of 24 to 36 inches. 


Egeland Series 


The Egeland series consists of well-drained Chernozems 
developed in moderately coarse textured sediments de- 
posited in glacial lakes. ‘These soils are nearly level or 
undulating and are in convex areas. They are on the 
Sheyenne Delta and in the beach area. 

The A horizon of the Egeland soils is black, friable fine 
sandy loam. Their B horizon is very dark grayish-brown 
to yellowish-brown fine sandy loam. The structure of the 
B horizon is weak prismatic and subangular blocky. In 
places the profile contains a Cea horizon of light olive- 
brown, moderately calcareous fine sandy loam. The other 
C horizons are grayish-brown to yellowish-brown fine 
sandy loam to loamy fine sand or fine sand. 

The Egeland soils occur with the Embden, Hecla, and 
Maddock soils. They have a thinner A horizon and more 
distinct B horizons than the Embden soils. They devel- 
oped in moderately coarse textured material instead of in 
coarse textured material like that in which the Hecla and 
Maddock soils developed. The profile of the Egeland soils 
is somewhat like that of the Eckman soils, but the Egeland 
soils developed in coarser textured material than the Eck- 
man soils. 

Profile of Egeland fine sandy loam 700 feet east and 800 
feet south of the NW. corner of the SW of sec. 27, T. 
143 N., R.53 W.: 


Ap—0 to 6 inches, black (10YR 2/1) fine sandy loam, dark 
gray (1OYR 4/1) when dry; weak, medium, subangn- 
lar blocky and weak, fine, crumb structure; slightly 
hard, very friable, and slightly sticky; abrupt, smooth 
boundary. 

B21—6 to 19 inches, very dark grayish-brown (10YR 3/2) fine 
sandy loam, dark grayish brown (10YR 4/2) when 
dry; weak, coarse, prismatic and weak, medium, sub- 
angular blocky structure; slightly hard, very friable, 
and slightly sticky ; clear boundary. 

B22—19 to 27 inches, dark-brown (10YR 4/8) fine sandy loam, 
brown (1OYR 5/8) when dry; weak, coarse, prismatic 
structure; soft and very friable; clear, smooth 
boundary. 

C1—27 to 42 inches, dark-brown (10YR 4/3) loamy fine sand, 
yellowish brown (10YR 5/4) when dry; single grain; 
soft and loose; clear, smooth boundary. 

C2—42 to 55 inches, dark-brown (10YR 4/3) and grayish-brown 
(10YR 5/2) loamy fine sand, yellowish brown (10YR 
§/4) when dry; single grain; soft and loose; clear, 
smooth boundary. 

C3—55 to 63 inches, yellowish-brown (10YR 5/4) fine sand, 
light brownish gray (10YR 6/2) when dry; single 
grain; soft and loose. 


The A horizon of the Egeland soils ranges from 6 to 10 
inches in thickness. The color of the B horizons ranges 
from very dark grayish brown (10YR 3/2) to yellowish 
brown (10YR 5/4), and the texture of the B horizons is 
sandy loam instead of fine sandy loam in some places. The 
thickness of the combined B horizons ranges from 10 to 22 
inches. A moderately calcareous Cca horizon of light 
olive-brown (2.5Y 5/4) fine sandy loam is present in some 
places. The color of the other C horizons ranges from 
grayish brown (2.5Y 5/2) or dark brown (L0OYR 4/3) to 
yellowish brown (10YR 5/4), and the texture of those 
horizons ranges from fine sandy loam to fine sand. 
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Embden Series 


The Embden series consists of moderately well drained 
Chernozems developed in moderately coarse textured gla- 
cial lake sediments. These soils are in nearly level or 
slightly concave areas. 

The Embdlen soils have a thick, black A horizon of very 
friable fine sandy loam. Their B horizon is weakly de- 
fined and is very dark grayish-brown fine sandy loam. 
They have an olive-brown Cea horizon that is mottled in 
a few places, and the mottles increase in number with in- 
creasing depth. The © horizon is olive-brown, mottled 
fine sandy loam to sand. 

The Embden soils occur with the Gardena, Glyndon, 
Egeland, Tiffany, and Hecla soils. They developed in 
coarser textured material than the Gardena and Glyndon 
soils, have a thicker A horizon than the Egeland soils, and 
are less mottled than the Tiffany soils. ‘Their profile is 
finer textured than. that of the Hecla soils. 

Profile of Embden fine sandy loam 60 feet north of the 
SW. corner of the SEY, of sec. 21, T. 187 N., R. 53 W.: 


Alp—0 to 8 inches, black (10YR 2/1) fine sandy loam, very 
dark gray (10YR 4/1) when dry; compound weak, 
medinm, subangular blocky and fine crumb structure; 
slightly hard, very friable, slightly sticky and slightly 
plastic; abrupt, smooth boundary, 

A12—8 to 14 inches, black (1OYR 2/1) fine sandy loam, dark 
gray (10OYR 4/1) when dry; weak, medium, subangu- 
lar blocky structure; slightly hard, very friable and 
slightly sticky ; clear, smooth boundary. 

Bi—i4 to 20 inches, very dark brown (10¥R 2/2) fine sandy 
loam, dark gray (10YR 4/1) when dry; moderate, 
medium, subangular blocky structure; slightly hard 
and very friable; clear, smooth boundary. 

B2—20 to 24 inches, very dark grayish-brown (2.5Y 8/2) fine 
sandy loam, dark grayish brown (2.5Y¥ 4/2) when dry ; 
weak, fine, subangular blocky structure; slightly hard 
and very friable; clear, smooth boundary, 

Ct—24 to 30 inches, very dark grayish-brown (2.5Y 3/2) fine 
sandy loam, light brownish gray (2.5Y 6/2) when dry ; 
many, medium, distinct mottles of grayish brown 
(2.5Y 5/2); weak, fine, subangular blocky structure; 
soft and very friable; slightly calcareous; clear, 
smooth bouhdary. 

C2ca—30 to 44 inches, olive-brown (2.5Y 4/4) fine sandy loam, 
light gray (2.5Y 7/2) when dry; a few, fine, promi- 
nent mottles of reddish yellow (7.4YR 6/6) and strong 
brown (7.5YR 5/6); weak, very fine, subangulat 
blocky structure; soft and very friable; calearcous; 
gradual boundary. 

C8—44 to 60 inches, olive-brown (2.5¥ 4/4) fine sandy loam, 
pale yellow (2.5Y 7/3) when dry; common, fine, promi 
nent mottles of reddish brown (2.5¥R 4/4) and dark 
reddish brown (2.5YR 4/3); single grain; soft and 
loose; slightly calcareous. 


The A horizons range from black (10YR 2/1) to very 
dark gray (10YR 3/1) in color, and their combined thick- 
ness ranges from 10 to 22 inches. The color of the B hori- 
zons ranges from very dark brown (10YR 2/2) to very 
dark grayish brown or dark grayish brown in 2.5Y hues. 
In places the texture of the B horizons is sandy loam in- 
stead of fine sandy loam. The thickness of the combined B 
horizons ranges from 10 to 20 inches. The Cea horizon 
ranges from 6 to 20 inches in thickness. The Cea horizon 
is slightly calcareous in some places and moderately cal: 
careous in others. The texture of the underlying C3 hori- 
zon ranges from fine sandy loam to fine sand; the coarser 
textured material is between a depth of 48 and 60 inches. 
The color of this underlying C3 horizon ranges from olive 
brown (2:5Y 4/4) to light olive brown (2.5Y 5/4). The 
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color of the mottles in that horizon ranges from strong 
brown (7.5YR 4/4) and dark brown (10YR 3/3) to red- 
dish brown (2.5YR 4/4) or dark reddish brown (2.5YR 


4/3). 


Exline Series 


In the Exline series are poorly drained solodized Solo- 
netz soils developed in mecium-textured and moderately 
fine textured sediments deposited in glacial lakes. These 
soils ave nearly level. They are on the lake plain and in 
the beach area. 

The Exline soils have a thin to moderately thick, black 
to very dark gray, friable A1 horizon of loam, silt loam, or 
silty clay loam. They also have a thin, dark gray or very 
dark gray, friable A2 horizon of loam or silt loam. ‘Their 
B2 horizon is dari colored and has distinct, strong, colum- 
nar structure. Gypsum and soluble salts are present in or 
immediately below the B2 horizon. The C horizon is 
mottled olive-gray to light olive-brown silt loam to silty 
clay. 

The Exline soils occur in a complex pattern with the 
Fargo and Overly soils. Unlike these associated soils, 
they have a AY horizon, columnar structure in the B2 hori- 
zon, and a concentration of soluble salts in or below the 
B2 horizon. The Exline soils are finer textured and have 
more distinct A2 and B2 horizons than the Stirum soils. 
They have stronger columnar structure than the Aberdeen 
soils, and salts are higher in their profile than in the profile 
of the Aberdeen soils. 

Profile of Exline loam one-quarter of a mile north of 
the SI. corner of sec. 18, T. 139 N., R. 54 W.: 


Ail—O to 1 inch, black (AOYR 2/1) loam, dark gray (10¥R 
4/1) when dry; weak, medium, crumb structure ; soft, 
very friable, slightly sticky and slightly plastic; 
abrupt boundary. 

A12—1 to 9 inches, black (10YR 2/1.) loam, very dark gray 
(10YR 8/1) when dry; weak, coarse and medium, 
prismatic structure breaking to moderate, thin, platy 
structure; soft, friable, slightly sticky and slightly 
plastic; clear boundary. 

A2—9 to 12 inches, very dark gray (10YR 8/1) light loam, 
gray (10YR 5/1) when dry; a few, fine, faint mottles 
of dark yellowish brown (10YR 4/4); weak coarse 
and moderate, thin, platy structure with many fine 
root channels or pores ; slightly hard, very friable, and 
slightly sticky; abrupt, smooth boundary. 

B2—12 to 18 inches, very dark grayish-brown (2.5Y 3/2) clay 
loam, dark grayish brown (2.5Y 4/2) when dry; 
strong, medium, columnar structure; very hard, very 
firm, very sticky and very plastic; prominent clay 
films on the surfaces of the peds; black and very dark 
gray stains on the vertical surfaces of the peds; a few 
roots between the columns and a very few roots pene- 
trating the columns; clear, smooth boundary. 

B3sa—i18 to 22 inches, light olive-brown (2.5Y 5/8) silty clay 
loam, light yellowish brown (2.5¥ 6/8) when dry; 
dark grayish-brown (2.5Y 4/2) coatings on the sur- 
faces of the peds; coarse, moderate, prismatic struec- 
ture; distinct clay films on the surfaces of the prisms; 
very hard, very firm, very sticky and very plastic; 
contains threadlike segregations of salts between the 
aggregates and fine segregations of salts within the 
aggregates; clear boundary. 

Cisacs—22 to 26 inches, light olive-brown (2.5Y 5/4) silty 
clay loam, light brownish gray (2.5Y¥ 6/2) when dry; 
weak, very coarse, prismatic structure; very hard, 
very firm, sticky and plastic; contains segregations 
of gypsum crystals and salts; clear boundary. 

C2sacs—26 to 60 inches, mottled grayish-brown (2.5Y 5/2), 
light olive-brown (2.5Y 5/4), and light-gray (2.5Y 
7/2) silty clay loam; massive; very hard, very firm, 
sticky and plastic; contains segregations of salts and 
gypsum crystals; calcareous. 
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The color of the Al horizons ranges from black (10YR 
2/1) to very dark gray (LOYR 3/1). The texture of those 
horizons ranges from loam to silty clay loam, and their 
combined thickness ranges from 4 to 10 inches. In.some 
places the A2 horizon is less than 3 inches thick. ‘The tex- 
ture of the B2 horizon ranges from silty clay loam to silty 
clay. In some places the clay films on the surfaces of the 
structural peds in that horizon are distinct instead of 
prominent. In many places soluble salts and gypsum are 
present in the lower part of the B2 horizon. The color of 
the C horizons ranges from light olive brown or grayish 
brown to olive gray or light olive gray in 2.5Y and 5Y hues. 
The range of texture in the C horizons is generally from 
silt loam to silty clay, but soil material of coarser texture 
occurs below a depth of 36 inches in some places. 


Fairdale Series 


Moderately well drained soils of the Alluvial great soil 
group make up the Fairdale series. These soils cleveloped 
in recent alluvium on natural levees and flood plains, where 
they receive fresh deposits of alluvium during floods. In 
this survey area the Fairdale soils are most extensive along 
the Rush River. 

The Fairdale soils have a thin to moderately thick 
A horizon of very dark grayish-brown or grayish-brown, 
friable silt loam. The A horizon is underlain by light- 
colored to dark-colored stratified alluvium that has a tex- 
ture of silt loam to fine sand. 

The Fairdale soils occur with the La Prairie soils, but 
their profile is lighter colored throughout than that of the 
La Prairie soils. The Fairdale soils have a lighter col- 
ored A horizon than the Zell soils. They have a lighter 
colored profile than the Gardena soils, and they lack the B 
horizon that is present in the profile of the Gardena soils. 

Profile of Fairdale silt loam _605 feet north and 133 
feet west of the SE. corner of the NEV, of sec. 27, T. 141 N., 
Rh. 52 W.: 


Ap—0O to 7 inches, very dark grayish-brown (10YR 3/2) silt 
loam, dark gray (10YR 4/1) when dry; weak, medium, 
ploeky structure breaking to weak, medium, crumb 
structure; soft, very friable, and slightly sticky; 
slightly calcareous; abrupt, smooth boundary. 

C1—7 to 19 inches, brown (10¥R 5/3) very fine sandy loam, 
pale brown (10YR 6/3) when dry; compound weak, 
medium, prismatic and subangular blocky structure; 
slightly hard and very friable; calcareous; clear 
boundary. 

C2—19 to 81 inches, brown (10YR 5/3) very fine sandy loam, 
pale brown (10YR 6/3) when dry; weak, fine, sub- 
angular blocky structure; slightly hard and very fri- 
able; caleareous ; clear boundary. 

C8—81 to 47 inches, dark grayish-brown (10YR 4/2) fine sandy 
loam, pale brown (10YR 6/3) when dry; weak, fine, 
crumb structure; soft and very friable; slightly eal- 
careous; abrupt boundary. 

TIC—47 to 54 inches, dark grayish-brown (2.5Y 4/2) silt loam, 
light brownish gray (2.5Y 6/2) when dry; common, 
medium, distinct mottles of dark yellowish brown 
(1lOYR 4/4); hard, friable, and slightly plastic; 
slightly calcareous; clear boundary. 

IlIC5—54 to 57 inches, brown (10YR 5/8) very fine sandy 
joam, light gray (2.5Y 7/2) when dry; common, fine, 
distinct mottles of dark yellowish brown (10¥R 4/4) 
and brownish yellow (10YR 6/6); hard and very 
friable; slightly calcareous; clear boundary. 

IVC6—57 to 60 inches, brown (10Y¥R 4/8) loamy fine sand, pale 
brown (10YR 6/8) when dry ; a few, fine, faint mottles 
of dark yellowish brown (10YR 4/4) ; loose; slightly 
calcareous. 


The A horizon ranges from dark gray to very dark gray- 
ish brown or grayish brown in 10YR hues. The stratified 
material below the A horizon ranges from light brownish 
gray to olive brown in 2.5Y hues or to brown or dark gray- 
ish brown in 10YR hues. The color of the mottles below a 
depth of 48 inches ranges from very dark grayish brown 
(2.5Y 8/2) to dark yellowish brown (10YR 4/4). The A 
horizon of a buried soil is in the profile in some places. 
The texture throughout the profile ranges from silt loam to 
fine sand; strata of fine sand occur only below a depth of 
30 inches. 

Fargo Series 


The Fargo series consists of poorly drained Grumusols 
developed in clayey glaciolacustrine sediments. ‘These 
soils are on the lake plam. They are nearly level, but there 
are numerous slight differences in elevation (less than 12 
inches) in the areas. Surface drainage is slow. 

The Fargo soils have an A horizon of black, friable to 
firm silt loam to clay. The structure of the A horizon is 
strong, fine, granular or strong, fine, subangular blocky. 
The B horizon is olive-gray, very firm clay that has strong, 
fine, blocky and granular structure. Tongues and wedges 
of soil material from the A horizon extend downward 
through the B horizon to the C horizon. The C horizon 
is olive-gray, very firm, calcareous clay that has moderate, 
fine, subangular blocky structure or is massive. Dark- 
brown mottles and segregations of gypsum are commen in 
the C horizon. 

The Fargo soils occur with the Overly, Bearden, Dim- 
mick, and Aberdeen soils. They developed in finer tex- 
tured material than the Overly and Bearden soils. They 
have a thinner A horizon than the Dimmick soils and are 
slightly better drained. The Fargo soils lack the A2 hori- 
zon and the columnar structure in the B2 horizon that are 
typical of the Aberdeen and Eixline soils. 

Profile of Fargo clay 175 feet south and 90 feet west of 
the NE. corner of the SE1, of sec. 29, T. 189 N., RB. 58 W.: 


Ap—0 to 9 inches, black (10YR 2/1) clay, very dark gray 
(10Y¥R 3/1) when dry ; strong, fine, subangular blocky 
structure; very hard, very firm, very sticky and very 
plastic; abrupt, smooth boundary. 

B2g—9 to 18 inches, olive-gray (5Y 4/2) clay, light olive gray 
(5Y 6/2) when dry; strong, fine and very fine, blocky 
and granular structure; very hard, firm, very sticky 
and very plastic; tongues of soil material from the A 
horizon extend downward through this horizon; 
slightly calcareous; clear boundary. 

Cigca—18 to 25 inches, olive-gray (5Y 4/2) clay, light gray 
-(5¥ 6/1) when dry; moderate, fine, subangular blocky 
and granular structure; very hard, firm, very sticky 
and very plastic; strongly calcareous ; clear boundary. 

C2g—25 to 45 inches, olive-gray (5Y 5/2) clay, light gray (5Y 
6/1) when dry; moderate, fine, subangular blocky 
structure; very hard, firm, very sticky and very plas- 
tic; calcareous ; clear boundary. 

C3—45 to 60 inches, dark grayish-brown (2.5¥ 4/1) clay and 
varves of light brownish-gray (2.5Y 6/2) silt loam 
with many prominent mottles of dark yellowish brown 
(10YR 4/4) and dark brown (7.5YR 4/4) ; stratified; 
very hard, firm, very sticky and very plastic; strongly 
calcareous and contains segregations of gypsum 
crystals, 


The texture of the A horizon ranges from silt loam to 
clay. The thickness of the A horizon ranges from 9 to 20 
inches, and the color of that horizon is a neutral black in 
some places. The thickness of the B2g horizon ranges 
from 8 to 20 inches. The color of the C horizons ranges 
from olive gray (5Y 4/2 or 5/2) to dark grayish brown 
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(2.5Y 4/2). Dark-brown or dark yellowish-brown mottles 
and segregations of gypsum are common in many places, 
but they vary in abundance. Varves consisting of alter- 
nate layers of silt and clay occur in some places, generally 
below a depth of 60 inches, but they are at a depth between 
42 and 60 inches in some places. 


Fordville Series 


The Fordville series consists of well-drained Cherno- 
zems developed in medium-textured or moderately coarse 
textured sediments deposited in glacial melt water. Theso 
soils are underlain by stratified gravel and coarse sand at 
a moderate depth. They are most extensive on the beach 
ridges. 

These soils have a black loam or sandy loam A horizon 
that has moderate granular structure. Their B horizon is 
very dark brown sandy loam that has prismatic and blocky 
or subangular blocky structure. It is underlain by strati- 
fied gravel and sand. 

The Fordville soils occur with the Sioux, Renshaw, and 
Spottswood soils. Unlike the Sioux soils, they have a B 
horizon. The Fordville soils have a thicker solum than 
the Renshaw soils. They have a thinner A horizon and 
are better drained than the Spottswood soils. 

Profile of Fordville loam 250 feet west of the E14 corner 
of sec. 1,T. 138 N., R54 W.: 

Ap—0 to 6 inches, black (10YR 2/1), loam, dark gray (10YR 
4/1) when dry; moderate, medium, subangular blocky 
and granular structure; slightly hard, friable, slightly 
sticky and slightly plastic; abrupt boundary. 

B21—6 to 16 inches, very dark brown (10YR 2/2) heavy sandy 
loam, dark grayish brown (10Y¥R 4/2) when dry; 
weak, coarse, prismatic and moderate, medium, sub- 
angular blocky structure; slightly hard, very friable, 
slightly sticky and slightly plastic; clear boundary. 

C1—16 to 24 inches, very dark grayish-brown (2.5Y 8/2) coarse 
sandy loam, olive brown (2.5¥ 4/4) when dry; a few, 
medium, distinct, dark yellowish-brown (10YR 3/3) 
mottles; weak, prismatic and subangular blocky struc- 
ture; slightly hard, very friable, and slightly sticky ; 
clear boundary. 

IIC—24. to 60 inches, stratified sand and gravel with many 
lime-coated pebbles at a depth between 24 and 30 
inches. 

The A horizon ranges from loam to sandy loam in tex- 
ture, from black to very dark gray in color, and from 4 to 
10 inches in thickness. The B horizon ranges from loam to 
sandy loam or gravelly loam in texture, from very dark 
brown to very dark grayish brown in color, and from 10 
to 20 inches in thickness. The C1 horizon is absent in some 
places. Where it is present, it is transitional to the TIC 
horizon. The thickness of the solum above the sand and 
gravel substratum is 24 to 30 inches. 


Gardena Series 


The Gardena series consists of moderately well drained 
Chernozems developed in medium-textured glacial lake 
sediments. These soils are in nearly level or slightly con- 
cave areas. 

These soils have a thick Al horizon of black, friable 
loam. Their B horizon is very dark grayish-brown, 
friable very fine sandy loam to silt loam and has weak 
prismatic structure. Their C horizon is calcareous, 
grayish-brown to light olive-brown loam to fine sand. 

The Gardena soils occur with the Embden, Eckman, 
Overly, and Glyndon soils. Unlike the Embden soils, they 
developed in medium-textured sediments. They have a 


thicker A horizon than the Eckman soils and are coarser 
textured than the Overly soils. The Gardena soils have 
a B horizon that is lacking in the Glyndon soils, and their 
oe horizon is at a greater depth than in the Glyndon 
soils. 

Profile of Gardena loam 110 feet north and 70 feet east 
of SW. corner of the SE14 of sec. 14, ‘T. 187 N., RB. 
54 W.: 


Alp—0 to 8 inches, black (1OYR 2/1) loam, dark gray (10¥R 
4/1) when dry ; weak, medium, subangular blocky and 
fine crumb structure; slightly hard, very friable, 
slightly sticky and slightly plastic; abrupt, smooth 
boundary. . 

A12—8 to 16 inches, very dark gray (10YR 3/1) loam, dark 
gray (10YR 4/1) when dry; weak, coarse, prismatic 
and fine granular structure; slightly hard, very fri- 
able, slightly sticky and slightly plastic; clear, wavy 
boundary. 

B2—16 to 21 inches, very dark grayish-brown (10YR 3/2) loam, 
dark grayish brown (10YR 4/2) when dry; weak, 
medium, prismatic structure; the vertical surfaces of 
the peds are stained black with organie matter; 
slightly hard, very friable, slightly sticky and slightly 
plastic; clear boundary. 

B8—21 to 30 inches, dark-brown to brown (10YR 4/3) loam, 
weak, medium to coarse, subangular blocky structure ; 
the vertical surfaces of the peds are coated with dark 
grayish brown (1OYR 4/2); slightly hard and very 
friable; abrupt boundary. 

Clca—80 to 83 inches, grayish-brown (2.5¥ 5/2) loam; weak, 
medium, subangular blocky structure; slightly hard 
and friable; very strongly calcareous; clear boundary. 

IICca—38 to 37 inches, light olive-brown (2.5Y 5/4) fine sandy 
loam, light gray (2.5Y 7/2) when dry; weak, fine, 
subangular blocky structure; soft and very friable; 
strongly calcareous; clear boundary. 

IIC—87 to 56 inches, light olive-brown (2.5Y 5/4) fine sandy 
loam, pale yellow (2.5¥ 7/3) when dry; few, fine, 
distinct mottles of light brownish gray (2.5Y 6/2); 
soft and very friable; caleareous; clear boundary. 

ITIC—56 to 64 inches, light olive-brown (2.5Y 5/4) loamy fine 
sand, pale yellow (2.5Y 7/3) when dry; common, 
medium, distinct mottles of light brownish gray (2.5Y 
6/2) ; loose; calcareous. 


The Al horizons range from black (10YR 2/1) to very 
dark gray (10YR 8/1) in color and from 10 to 20 inches 
in thickness. The B2 horizon ranges from very fine sandy 
loam to silt loam in texture and from 5 to 16 inches in thick- 
ness. The color of the Cea horizons ranges from grayish 
brown to light olive brown in hues of 2.5Y, and the com- 
bined thickness of those horizons ranges from 6 to 12 inches. 
The texture of the ILC and ITIC horizons ranges from 
loam to fine sand. In many places light brownish-gray 
(2.5Y 6/2) mottles are common below a depth of 36 inches. 


Glyndon Series 


The Glyndon series consists of moderately well drained 
or somewhat poorly drained calcareous Solonchak soils 
developed in medium-textured sediments deposited in gla- 
cial melt water. These soils are in nearly level or slightly 
convex areas. 

The Al horizon of these soils is black, friable fine sandy 
loam to silt loam. Just below the A1 horizon are prom1- 
nent Ceca horizons of grayish-brown or light brownish-gray 
very fine sandy loam to silt leam. C horizons of light 
olive-brown to dark yellowish-brown loam to fine sand 
underlie the Cea horizons. 

The Glyndon soils occur with the Hamerly, Borup, Emb- 
den, and Gardena soils. Unlike the Hamerly soils, they 
developed in glacial lake sediments. The Glyndon soils 
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are better drained than the Borup soils, and they have 
higher chroma in the Cea and CG horizons. They lack the 
B horizon that is present in the Embden soils, and they de- 
veloped in loam rather than in sandy loam. The Glyndon 
soils lack the B horizon that is present in the Gardena soils, 
and they have a Cea horizon immediately beneath the Al 
horizon. They lack the weak, coarse, columnar structure, 
the high content of exchangeable sodium, and the mod- 
erately coarse texture that is typical of the Stirum soils, 
and they are less sticky when wet. 

Profile of Glyndon loam 280 feet east of the NW. corner 
of sec. 15, T. 142 N., R. 52 W.: 

A1lp—o0 to 9 inches, black (10YR 2/1) loam, dark gray (10YR 
4/1) when dry; weak, fine, subangular blocky struc- 
ture; slightly hard, very friable, slightly sticky and 
slightly plastic; very slightly calcareous; abrupt, 
smooth boundary. 

Al2ca—9 to 16 inches, very dark gray (10¥R 3/1) loam, gray 
(10¥R 6/1) when dry; weak, coarse, prismatic and 
medium subangular blocky structure; slightly hard, 
triable, slightly sticky and slightly plastic; strongly 
ealeareous; abrupt, smooth boundary. 

Clca—16 to 28 inches, light brownish-gray (2.5Y 6/2) silt loam, 
white (N 8/0) when dry; has a few, fine, prominent 
mottles of light olive brown (2.5¥ 5/6) ; weak, coarse, 
subangular blocky structure; slightly hard, friable, 
slightly sticky and slightly plastic; numerous fine 
root channels; very strongly calcareous; clear bound- 
ary. 

C2cea—28 to 36 inches, grayish-brown (2.5Y 5/2) loam, white 
(2.5Y 8/2) when dry; has many, fine, distinct mottles 
of light olive brown (2.5¥ 5/4); very weak, fine, sub- 
angular blocky structure; slightly hard, very friable, 
slightly sticky and slightly plastic; strongly calcare- 
ous; gradual boundary. 

C3—36 to 44 inches, dark yellowish-brown (1OYR 4/4) very 
fine sandy loam, brownish yellow (10YR 6/5) when 
dry ; soft and very friable; calcareous ; gradual bound- 


ary. 

I1C4—44. to 60 inches, brown (1OYR 4/3) loamy fine sand, yel- 
lewish brown (10YR 7/2) when dry; loose; slightly 
calcareous, 

The A horizons range from black (10YR 2/1) to very 
dark gray (LOYR 3/1) in color and from fine sandy loam 
to loam in texture. The thickness of the combined A hori- 
zons ranges from 6 to 16 inches. The color of the Cea 
horizons ranges from grayish brown to light brownish 
gray in 2.5Y hues. The texture of those horizons ranges 
from very fine sandy loam to silt loam, and their combined 
thickness ranges from 8 to 20 inches. ‘The color of the C3 
and IIC4 horizons ranges from light olive brown to dark 
yellowish brown, and the texture of those horizons ranges 
from loam to fine sand. Mottles commonly occur below a 
depth of 42 inches. 

Hamar Series 


The Hamar series consists of somewhat poorly drained 
or poorly drained Humic Gley soils developed in coarse- 
textured sediments deposited in glacial melt water. These 
soils are in nearly level concave areas or in shallow depres- 
sions in the Sheyenne Delta. 

The A horizon is thick and consists of black, very friable 
sandy loam to loamy fine sand, faintly mottled with dark 
brown in the lower part. Below the A horizon is strongly 
mottled, grayish-brown to light olive-brown loamy fine 
sand to sand. 

The Hamar soils occur with the Hecla, Tiffany, Mad- 
dock, and Ulen soils. They are more poorly drained and 
have a more strongly mottled substratum than the Hecla 
soils, They developed in coarser textured material than 


the Tiffany soils, and they have a thicker Al horizon and 
more mottling in the substratum than the Maddock soils. 
The Hamar soils have a more strongly mottled substratum 
than the Ulen soils, and unlike the Ulen soils, they lack a 
Cea horizon. 

Profile of Hamar loamy fine sand_1,850 feet north and 
25 feet west of the SE. corner of the SW14 of sec. 7, T. 186 
N., R. 51 W.: 

A11—O to 8 inches, black (1OYR 2/1) loamy fine sand, very 
dark gray (1O0YR 8/1) when dry; very weak, medium, 
subangular blocky and crumb structure; soft and very 
friable; clear boundary. 

Al2g—8 to 20 inches, black (2.5Y 2/1) loamy fine sand, very 
dark gray (2.5¥ 3/1) when dry; very weak, medium, 
subangular blocky structure; soft and very friable; 
clear boundary. 

A18g—20 to 30 inches, black (2.5Y¥ 2/1) loamy fine sand; very 
dark gray (2.5Y 8/1) when dry; many, fine, faint 
mottles of dark brown (10YR 4/3) and a few, fine, 
distinct mottles of dark yellowish brown (LOYR 4/4) ; 
very weak, coarse, subangular blocky structure; soft 
and very friable; slightly calcareous. 

C1—30 to 38 inches, grayish-brown (2.5Y 5/2) fine sand, light 
brownish gray (2.5¥ 6/2) when dry; common, me- 
dium, faint mottles of light olive brown (2.5¥ 5/4) ; 
single grain; slightly hard and loose; slightly cal- 
eareous ; abrupt boundary, 

C2—88 to 44 inches, grayish-brown (2.5Y 5/2) fine sand; light 
brownish gray (2.5Y 6/2) when dry ; common, coarse, 
prominent mottles of reddish yellow (7.5YR 6/8) ; 
single grain; loose; calcareous; abrupt boundary. 

C3—44 to 60 inches, grayish-brown (2.5¥ 5/2) fine sand that 
contains thin layers of silt loam, light brownish gray 
(2.5¥ 6/2) when dry; few, coarse, distinct mottles of 
dark gray (5Y 4/1); soft and loose; slightly cal- 
eareous. 

The texture of the A horizons ranges from fine sandy 
loam to loamy fine sand, and the hues range from 10YR to 
2.5Y. The combined thickness of the A horizons ranges 
from 10 to 80 inches, and depth to the faint dark-brown 
mottling ranges from 10 to 20 inches. The texture be- 
tween a depth of 10 and 86 inches ranges from sandy loam 
to loamy sand. ‘The color of the C horizons ranges from 
erayish brown (2.5Y 5/2) to light olive brown (2.5Y 5/4). 
In general, the texture of those horizons ranges from sandy 
loam to sand, but thin layers of silt loam and of silty clay 
loam are only 42 inches from the surface in some places. 
The color of the prominent mottles in the upper C horizons 
ranges from strongly contrasting reddish pel low to yellow- 
ish brown in hues of 7.5Y Rand 10YR. In the C3 horizon 
the color of the mottles ranges from dark gray to olive 
gvay in 5Y hues. In places the mottles in the lower part 
of the profile are faint instead of distinct. 


Hamerly Series 


The Hamerly series consists of moderately well drained 
or somewhat poorly drained, calcareous Solonchak soils 
developed in medium-textured glacial till, These soils are 
in nearly level or slightly convex areas adjacent to small 
depressions and in slightly elevated areas on the till plain. 

These soils have an A horizon of black, friable loam. 
This A horizon is underlain. by a prominent Cca horizon 
of grayish-brown to light brownish-gray, strongly cal- 
careous, friable loam. Below the Cea horizon is a C hori- 
zon of light olive-hrown, calcareous loam that has a few 
reddish-brown. and yellowish-brown mottles. A. variable 
number of pebbles and stones, typical of the glacial till in 
this area, occur throughout the profile and in the sub- 
stratum. 
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The Hamerly soils occur with the Barnes, Svea, Tetonka, 
and Vallers soils. Unlike the Barnes and Svea soils, they 
have a Cea horizon immediately below the A horizon and 
they lack a B horizon. The Hamerly soils Jack the A2 
horizon that is typical in the profile of the Tetonka soils, 
and they are not so poorly drained as the Vallers soils. 
They developed in glacial till instead of in sediments de- 
posited in melt water like the Glyndon soils. 

Profile of Hamerly loam 200 feet north and 20 feet east 
of the SW. corner of the SE14 of sec. 19, T. 148 N., R. 
53 W.: 

Ap—O to 8 inches, black (10YR 2/1) loam, gray (10YR 5/1) 
when dry; weak, medium, subangular blocky struc- 
ture; slightly hard, friable, slightly sticky and slightly 
plastic ; strongly calcareous; abrupt, smooth boundary. 

Clca—8 to 14 inches, light brownish-gray (2.5Y 6/2) loam, 
light gray (N 7/0) when dry; horizon broken by thin 
tongues of black (1OYR 2/1) material from the A 
horizon ; coarse, weak, prismatic structure breaking to 
weak, medium, subangular blocky; slightly hard, fri- 
able, slightly sticky and slightly plastic; very strongly 
calcareous; clear, smooth boundary. 

C2ca—t14 to 36 inches, light oive-brown (2.5Y 5/4) loam, pale 
yellow (2.5Y 7/4) when dry; common, medium, faint 
mottles of light brownish gray (2.5Y¥ 6/2) and a few, 
medium, distinct mottles of yellowish brown (10Y¥R 
5/4); weak, medium, blocky structure; slightly hard, 
friable, slightly sticky and slightly plastic; strongly 
calcareous; gradual boundary. 

C8—36 to GO inches, ight olive-brown (2.5Y 5/4) loam, light 
yellowish brown (2.5Y 6/4) when dry; a few, coarse, 
prominent mottles of reddish brown (5YR 4/4) ; weak, 
medium and fine, blocky structure; calcareous. 

The A horizon ranges from black (10YR 2/1) to very 
dark gray (10YR 3/1) in color and from 6 to 14 inches m 
thickness. It is slightly calcareous to strongly calcareous. 
The color of the Cea horizons ranges from grayish brown 
to light brownish gray or light olive brown in 2.5Y hues. 
In places the Clca horizon has a few gray (10YR 4/1) 
mottles and the C2ea horizon has a few yellowish-brown 
(10YR 5/4) mottles. The combined thickness of the Clca 
and C2ca horizons ranges from 8 to 30 inches. In places 
the underlying loam till in the C3 horizon has a few promi- 
nent mottles that are dark yellowish brown (LOYR 4/4) 
instead of reddish brown (5YR 4/4). In many places the 
C3 horizon contains gypsum crystals. 


Hecla Series 


In the Hecla series are moderately well drained Cherno- 
zems developed in coarse-textured sediments deposited by 
rlacial melt water. These soils are most extensive on the 
Sheyenne Delta, but they are also in the northern part of 
Cass County. 

The Hecla soils have a thick, black A horizon of fine 
sandy loam, loamy fine sand, or fine sand. Their B hori- 
yon is weakly defined and is very dark grayish-brown to 
grayish-brown loamy sand. Their substratum is dark 
grayish-brown to brown loamy fine sand to sand mottled 
with dark brown. 

The Hecla soils occur with the Embden, Maddock, Ulen, 
Arveson, Tiffany, and Hamar soils. Their solum is 
coarser textured than that of the Embden soils. They 
have a thicker A horizon than the Maddock soils, and un- 
like the Maddock soils, their substratum is mottled. The 
Hecla soils lack the distinct. Cea horizon that is typical in 
the profile of the Ulen and Arveson soils, and they are bet- 
ter drained than those soils and than the Tiffany and 


Hamar soils. They have a coarser textured solum than 
the Tiffany soils and are less strongly mottled than the 
Hamay soils. 

Profile of Tecla fine sandy loam 75 feet east and 30 feet 
south of the NW. corner of the SW1, of sec. 16, T. 143 N., 
R. 53 W.: 


Alp—0 to 6 inches, black (10YR 2/1) fine sandy loam, dark 
gray (1LOYR 4/1) when dry; weak, coarse, subangular 
blocky structure; soft and very friable; abrupt, 
smooth boundary. 

A12—6 to 13 inches, very dark brown (10YR 2/2) loamy fine 
sand, dark gray (10Y¥R 4/1) when dry; weak, fine, 
subangular blocky structure; soft and very friable; 
clear, smooth boundary. 

AB—138 to 23 inches, very dark brown (10YR 2/2) loamy fine 
sand, very dark grayish brown (10YR 3/2) when dry; 
single grain; soft and loose; gradual boundary. 

B—238 to 31 inches, very dark grayish-brown (10YR 3/2) loamy 
fine sand, grayish brown (10YR 5/2) when dry; com- 
mon, medium, distinct mottles of very dark brown 
(AOYR 2/2); single grain; loose; gradual boundary. 

Ci—31 to 46 inches, dark-brown (10YR 3/3) fine sand, brown 
(10YR 5/3) when dry; many, medium, distinct 
mottles of very dark grayish brown (10Y¥R 8/2); 
single grain; loose; clear, wavy boundary. 

C2—46 to 64 inches, dark grayish-brown (10YR 4/2) fine sand, 
brown (10YR 5/3) when dry; many, medium, distinct 
mottles of dark brown (10YR 3/3); single grain; 
loose. 


The color of the Alp horizon ranges from black (10YR 
2/1) to very dark gray (10YR 3/1). The combined thick- 
ness of the A horizons ranges from 18 to 40 inches, and the 
texture of those horizons ranges from fine sandy loam to 
loamy fine sand or fine sand. Where the texture is fine 
sandy loam, the thickness of the combined A horizons 
ranges from 6 to 21 inches but is less than 15 inches in most 
places. The color of the B horizon ranges from very dark 
grayish brown to very dark brown in 10YR hues. The 
texture of that horizon ranges from loamy fine sand to fine 
sand, and the thickness ranges from 4 to 18 inches. The 
color of the C horizons ranges from dark brown to dark 
grayish brown in 10YR hues, and the texture of those 
horizons ranges from loamy fine sand to sand. The © 
horizons are slightly calcareous in some places. In other 
places no free lime occurs above a depth of 60 inches. 


Lamoure Series 


The Lamoure series consists of somewhat poorly drained 
Humic Gley soils developed in moderately fine textured 
alluvium. ‘These soils are on low bottom lands in the valley 
of the Maple River. 

The Lamoure soils have a thick, black to very dark gray 
A horizon of friable silty clay loam. Their B horizon is 
olive-brown, friable silty clay loam and is underlain by 
strata of sandy loam and silt loam, These soils have lime 
throughout the profile. 

The Lamoure soils occur with the Fairdale and La 
Prairie soils. They are darker colored and more poorly 
drained than the Fairdale soils and are finer textured and 
more poorly drained than the La Prairie soils. 

Profile of Lamoure silty clay loam 650 feet north and 
800 feet east of the SW. corner of the SE, of sec. 29, T. 187 
N., R54 W.: 

Aip—0 to 6 inches, black (10YR 2/1) silty clay loam, dark 
gray (10YR 4/1) when dry; weak, coarse, subangular 
blocky and moderate, fine, granular structure; hard, 


friable, slightly sticky and plastic ; slightly calcareous ; 
abrupt, smooth boundary. 
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A12—6 to 10 inches, black (10YR 2/1) silty clay loam, dark 
gray (10Y¥R 4/1) when dry; hard, friable, slightly 
sticky and plastic; calcareous; clear, smooth bound- 
ary. 

A13—10 to 27 inches, very dark gray (10Y¥R 3/1) silty clay 
loam, light gray (10¥R 6/1) when dry; moderate, 
medium, blocky and fine granular structure; slightly 
hard, friable, slightly sticky and plastic; snail shells 
throughout; caleareous; clear, smooth boundary. 

Begca—27 to 40 inches, olive-brown (2.5Y 3/3) silty clay loam, 
light yellowish brown (2.5¥ 6/3) when dry; weak to 
moderate, medium, subangular blocky structure ; hard, 
friable, slightly sticky and slightly plastic; strongly 
calcareous; gradual boundary. 

C—40 to 60 inches, olive-brown (2.5Y 4/4) stratified sandy 
loam and silt loam, light brownish gray (2.5Y 6/2) 
when dry; hard, frinble, slightly sticky and slightly 
plastic ; slightly calcareous. 


The color of the A horizons ranges from black (10YR 
9/1) to very dark gray (LOYR 3/1), and the thickness of 
those horizons ranges from 20 to 30 inches. The color of 
the Bgea horizon ranges from 2.5Y 3/8 to 2.5Y 4/4, and 
the thickness of that horizon ranges from 8 to 14 inches. 


La Prairie Series 


The La Prairie series consists of moderately well drained 
Alluvial soils intergrading toward Chernozems. These 
soils developed in recent alluvium. In this county they are 
most extensive on the bottom lands along the Maple River, 
but they are also on bottom lands adjacent to the Rush 
River and Swan Creek. 

The La Prairie soils have an A horizon of black, friable 
silt loam. Their B horizon is very dark grayish-brown, 
friable silt loam that has weak prismatic structure. The 
substratum is stratified very fine sandy loam and silt loam, 
and the strata vary in thickness and color. 

The La Prairie soils occur with the Fairdale and La- 
moure soils. They are darker colored than the Fairdale 
soils and are better drained and coarser textured than the 


Lamoure soils. 
Profile of La Prairie silt loam 2,100 feet west and 1,800 
feet north of the SE. corner of sec. 18, T. 187 N., R. 538 W.: 


Ap—O to 7 inches, black (10¥R 2/1) silt loam, dark gray (10YR 
4/1) when dry; strong, medium, granular structure; 
hard, friable, slightly sticky and slightly plastic; 
abrupt, smooth boundary. 

B27 to 12 inches, very dark grayish-brown (10¥YR 3/2) silt 
loam, grayish brown (10¥R 5/2) when dry; weak, 
coarse and medium, prismatic structure; slightly hard, 
friable, slightly sticky and slightly plastic; gradual 
boundary. 

ITA1b1—12 to 16 inches, black (1OYR 2/1) silt loam, dark 
gray (10Y¥R 4/1) when dry; wenk, coarse and medium, 
prismatic structure; slightly hard, friable, slightly 
sticky and slightly plastic; gradual boundary. 

IIB2b11—16 to 32 inches, very dark brown (10Y¥R 2/2) silt 
loam, dark grayish brown (10¥R 4/2) when dry; 
weak, coarse 1nd medium, prismatic structure; hard, 
friable, slightly sticky and slightly plastic; slightly 
caleareous ; gradual boundary. 

IIB2b12—32 to 40 inches, very dark grayish-brown (2.5Y 3/2) 
silt loam, grayish brown (2.5¥ 5/2) when dry; hard, 
friable, slightly sticky and slightly plastic; slightly 
ealeareous; gradual boundary. 

IIC1b—40 to 52 inches, very dark grayish-brown (10¥R 3/2) 
silt loam, grayish brown (1OYR 5/2) when dry; very 
hard, friable, slightly sticky «nd slightly plastic; 
slightly calcareous ; gradual boundary. 

IIC2b—52 to 60 inches, dark-brown (10YR 3/8) silt loam, 
light brownish gray (2.5Y 6/2) when dry; very hard, 
friable, slightly sticky and slightly plastic; calcareous. 


The color of the A horizon ranges from black to very 
dark gray in hues of 10YR, and the thickness of that hori- 
zon ranges from 7 to 20 inches. The color of the B horizon 
ranges from very dark grayish brown (10YR 3/3) to very 
dark brown (10YR 2/2) or dark grayish brown (10YR 
4/2). The texture of the B horizon ranges from very fine 
sandy loam to silt loam, and that horizon is slightly cal- 
carcous in some places. The color, texture, and thickness 
of the underlying strata are variable. A buried soil or the 
A horizon of a buried soil is present in many places but 
cloes not occur in all profiles. 


Maddock Series 


In the Maddock series are well-drained or somewhat ex- 
cessively drained soils that are moderately coarse textured 
or coarse textured. Profile development is minimal for 
classifying these soils as Chernozems, and these soils are 
intergrading toward the Regosol great soil group. They 
developed in coarse-textured material deposited in glacial 
melt water and in windblown sediments. In the survey 
area, they are most extensive on the Sheyenne Delta, and 
they occupy convex and slightly higher positions than the 
surrounding soils. 

The A horizon of the Maddock soils is black to very dark 
brown fine sandy loam to fine sand. Their B horizon is 
dark grayish-brown to brown loamy fine sand to sand, and 
their substratum is brown or yellowish-brown loamy fine 
sand to sand. 

The Maddock soils occur with the Hamar, EHecla, and 
Ulen soils, but they are better drained than those soils. 
They have a thinner A horizon than the Hamar and Hecla 
soils and lack the prominent Cea horizon that is typical in 
the profile of the Ulen soils. 

Profile of Maddock loamy fine sand 950 feet east and 30 
feet north of the SW. corner of sec. 26, T. 187 N., R. 54 W.: 


Ap—0 to 9 inches, very dark brown (10YR 2/2) loamy fine 
sand, dark grayish brown (10YR 4/2) when dry; weak, 
medium and fine, subangular blocky structure; soft 
and very friable; abrupt boundary. 

B—9 to 16 inches, dark grayish-brown (10YR 4/2) loamy fine 
sand, light brownish gray (10YR 6/2) when dry; very 
weak, medium, subangular blocky structure; soft and 
very friable; gradual boundary. 

C1—16 to 30 inches, brown (10¥YR 5/8) loamy fine sand, pale 
brown (10¥R 6/3) when dry; weak, medium, sub- 
angular blocky structure; soft and very friable; grad- 
ual boundary. 

C2—30 to 52 inches, yellowish-brown (10YR 5/4) loamy fine 
sand, light yellowish brown (10YR 6/4) when dry; 
single grain; soft and loose; gradual boundary, 

C3—52 to 60 inches, yellowish-brown (10YR 5/4) very fine 
sandy loam; weak, fine, subangular blocky structure; 
soft and very friable. 


The color of the A horizon ranges from very dark brown 
to dark grayish brown in hues of 10YR. The texture of 
that horizon ranges from fine sandy loam to fine sand, and 
the thickness ranges from 4 to 14 inches. The color of the 
B horizon ranges from dark grayish brown (10YR 4/2) to 
yellowish brown (1LOYR 5/4), and the thickness of that 
horizon ranges from 6 to 16 inches. The texture of the B 
horizon ranges from loamy fine sand to fine sand. The 
color of the C horizons ranges from brown (10YR 5/3) to 
yellowish brown (10YR 5/4). The texture of the C1 and 
C2 horizons ranges from loamy fine sand to sand. In 
places a thin layer of soil material that is finer textured 
than that in the profile occurs below a depth of 48 inches. 
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In most areas the profile is noncalcareous, but the sub- 
stratum is slightly calcareous in some places. 


Overly Series 


Moderately well drained, nearly level Chernozems make 
up the Overly series. These soils developed in moderately 
fine textured sediments deposited in glacial lakes. They 
are on the lake plain. ; 

The Overly soils have a thick A horizon of black, friable 
silt loam to silty clay loam, and their A horizon has strong, 
fine, granular structure. Tongues of dark-colored mate- 
rial from the A horizon extend downward into the B 
horizon. The B horizon is very dark grayish-brown silty 
clay loam that has weak prismatic or moderate subangu- 
lar blocky and strong granular structure. Distinct clay 
films are on the surfaces of the peds. The Cca horizon is 
dark grayish-brown to olive-brown silty clay loam, and it 
is underlain by light olive-brown silty clay loam distinctly 
mottled with reddish brown. 

The Overly soils occur with the Gardena, Fargo, 
Bearden, and Exline soils. They have a finer textured B 
horizon than the Gardena soils and are coarser textured 
than the Fargo soils. Unlike the Bearden soils, they have 
a B horizon and lack a distinct Cca horizon immediately 
below the A horizon. They lack the A2 horizon and col- 
umnar structure in the B2 horizon that are characteristic 
of the Exline soils. 

Profile of Overly silty clay loam 1,300 feet north of the 
center of sec. 29, T. 141 N., R. 52 W.: 

Ailp—0 to 8 inches, black (10YR 2/1) silty clay loam, very 
dark gray (10YR 3/1) when dry; moderate, coarse, 
subangular blocky and strong, fine, granular struc- 
ture; hard, firm, sticky and plastic; abrupt boundary. 

A12—8 to 17 inches, black (1OYR 2/1) silty clay loam, dark 
gray (1OYR 4/1) when dry; moderate, medium, sub- 
angular blocky and strong, medium, granular struc- 
ture; hard, firm, slightly sticky and plastic; clear, ir- 
regular boundary. 

B2—17 to 22 inches, very dark grayish-brown (2.5Y 3/2) heavy 
silty clay loam, dark grayish brown (2.5¥ 4/2) when 
dry; moderate, medium and fine, subangular blocky 
and strong, fine, granular structure; distinct clay films 
on the surfaces of the peds; hard, firm, sticky and 
plastic ; gradual boundary. 

Clca—22 to 32 inches, grayish-brown (2.5Y 5/2) silty clay loam, 
light brownish gray (2.5Y 6/2) when dry; moderate, 
medium, subangular blocky structure; faint clay films 
on the surfaces of the peds; very hard, firm, sticky and 
plastic; calcareous; gradual boundary, 

C2—82 to 50 inches, light olive-brown (2.5¥ 5/6) silty clay 
loam, pale yellow (2.5¥ 8/4) when dry; very hard, 
firm, very sticky and very plastic; calcareous; grad- 
ual boundary. 

C3-—50 to 64 inches, light olive-brown (2.5Y 5/6) silty clay 
loam, pale yellow (2.5Y 8/4) when dry; a few, fine, 
distinct mottles of dark brown (7.5YR 4/4); very 
hard, friable, sticky and plastic; slightly calcareous. 

The texture of the A horizons ranges from silt loam to 
silty we loam. The combined thickness of those horizons 
ranges from 10 to 20 inches, but material from those hori- 
zons extends deep into the B horizon. Thestructure of the 
B horizon ranges from moderate to strong, subangular 
blocky to strong, fine, granular. The color of the B hovi- 
zon ranges from very dark brown (10YR 2/2) to very dark 
grayish brown (2.5Y 3/2), and the thickness of that hori- 
zon. ranges from 4 to 12 inches. The color of the Ceca 
horizon ranges from grayish brown (2.5Y 5/2) to olive 
brown (2.5Y 4/4) or light olive brown (2.5Y 5/4), and the 
thickness of that horizon ranges from 8 to 16 inches. In 


places the texture of the C horizons is silt loam or clay, 
but the dominant texture is silty clay loam. Stratified silt 
and clay are below a depth of 42 inches in some places. 


Parnell Series 


The Parnell series consists of poorly drained Humic 
Gley soils developed in local alluvium over glacial till. 
The soils are in deep, closed depressions on the till plain. 

These soils have a thick A horizon of black, friable silt 
loam to silty clay loam and a gray or light-gray B horizon 
of firm silty clay loam. Their C horizon 1s olive-gray to 
dark grayish-brown, firm loam distinctly mottled with 
dark yellowish brown and light gray. 

The Parnell soils occur with the Barnes, Svea, Hamerly, 
Vallers, and Tetonka soils. Unlike the Barnes and Svea 
soils, they have a strongly gleyed B horizon and a mottled 
C horizon. They lack the distinct Cea horizon just be- 
neath the A horizon that is characteristic in the profiles 
of the Hamerly and Vallers soils, and they lack the AQ 
horizon that is typical in the profile of the Tetonka soils. 
The Parnell soils have a profile somewhat similar to that 
of the Perella soils, but they developed in local alluvium 
over glacial till instead of in sediments deposited in glacial 
lakes. They are coarser textured than the Dimmick soils. 

Profile of Parnell silt loam 200 feet east and 200 fect 
south of the center of sec. 25, T. 141 N., R. 53 W.; 

A11—0 to 6 inches, black (N 2/0) silt loam, dark gray (5Y 4/1) 
when dry; moderate, coarse and medium, subangular 
blocky structure; slightly hard, very friable, slightly 
sticky and slightly plastic; clear boundary. 

Al2¢-——6 to 22 inches, black (N 2/0) silty clay loam, dark gray 
(5Y 4/1) when dry; many, fine, faint mottles of olive 
brown (2.5¥ 5/4) ; weak, coarse, prismatic and strong, 
coarse and medium, subangular blocky structure; 
hard, friable, sticky and plastic; abrupt boundary. 

B2g—22 to 34 inches, gray (SY 5/1) silty clay loam, light gray 
(5¥ 6/1) when dry ; common, medium, faint mottles of 
light gray (5Y 7/1) and a few, fine, distinct mottles of 
dark yellowish brown (10YR 4/4) ; weak, coarse, pris- 
matic and moderate, medium, blocky structure; hard, 
firm, sticky and plastic; clear boundary. 

ITC1g—a4 to 48 inches, olive-gray (5Y 5/2) loam, gray (BY 6/1) 
when dry; many, fine, distinct mottles of dark yellow- 
ish brown (10YR 4/4) and light gray (5Y¥ 7/1) ; hard, 
firm, sticky and plastic; weakly calcareous; clear 
boundary. 

IIC2g—48 to 60 inches, dark grayish-brown (2.5Y 4/2) loam, 
light brownish gray (2.5¥ 6/2) when dry; common, 
fine, distinct mottles of light gray (5Y 7/1) and dark 
yellowish brown (10XYR 4/4) ; hard, friable, sticky and 
plastic ; slightly calcareous, 

The texture of the A horizons ranges from silt loam to 
silty clay loam, and the combined thickness of those hori- 
zons ranges from 12 to 24 inches. In places the color of 
the A horizons is black in 5Y hues. 


Perella Series 


In the Perella series are poorly drained Humic Gley soils 
developed in medium-textured and moderately fine tex- 
tured sediments deposited in glacial lakes. These soils are 
in shallow depressions on the lake plain. 

The Perella soils have a thick A horizon of black, friable 
to firm silt loam to silty clay loam and a gleyed B horizon 
of olive-gray to dark-gray silt loam to silty clay loam. 
Their C horizon is olive-gray silt loam to silty clay loam 
mottled with yellowish brown and dark brown. 

The Perella soils occur with the Overly, Gardena, 
Bearden, and Glyndon soils. Unlike the Overly and Gar- 
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dena soils, they have an olive-gray B horizon and a 
strongly mottled C horizon. They lack the distinct Cca 
horizon below the A horizon that is present in the Bearden 
and Glyndon soils. The profile of the Perella soils is 
somewhat similar to that of the Parnell soils, but the Per- 
ella soils developed in sediments deposited in glacial lakes 
instead of in local alluvium over glacial till. ‘The Perella 
soils are coarser textured than the Dimmick soils. 

Profile of Perella silt loam 0.3 mile north and 0.8 mile 
west, of the SE. corner of see, 8, T. 142 N., R. 52 W.: 


Alp—O to 8 inches, black (10YR 2/1) silt loam, dark gray 
(10YR 4/1) when dry; moderate, medium, subangu- 
lar blocky and granular structure; slightly hard, very 
frinble, slightly sticky and slightly plastic; abrupt 
boundary, 

A12—8 to 18 inches, black (25¥ 2/1) silt loam, very dark 
gray (2.5Y 8/1) when dry; moderate, medium, sub- 
angular blocky and granular structure; hard, friable, 
sticky and plastic ; clear boundary. 

B2g—18 to 32 inches, olive-gray (5Y 4/2) silty clay loam, gray 
(5Y 5/1) when dry; a few, fine, faint mottles of light 
gray (5Y 6/1); moderate, coarse, prismatic and me- 
dium, subangular blocky structure; distinct patches of 
clay films on the vertical surfaces of the peds; very 
hard, firm, sticky and plastic; gradual boundary. 

Clg—82 to 48 inches, olive-gray (5Y 4/2) silty clay loam, light 
gray (BY 6/1) when dry; common, medium, distinct 
mottles of black (2.5Y 2/1) and yellowish brown 
(QO¥R 4/4); very hard, firm, sticky and plastic; 
slightly caleareous and contains a few, fine, white seg- 
regations of lime and gypsum crystals; gradual 
boundary. 

C2g—48 to GO inches, olive-gray (5Y 4/2) silty clay loam, light 
gray (5Y 6/1) when dry; common, medium, distinct 
mottles of yellowish brown (10YR 5/4) and a few, 
medium, prominent mottles of dark brown (7.5YR 
4/2); very hard, firm, sticky and plastic; calcareous 
with common, fine, distinct segregations of white lime. 


The texture of the A horizons ranges from silt loam to 
silty clay loam, and the combined thickness of those hori- 
zons ranges from 10 to 20 inches. The color of the B hori- 
zon ranges from dark gray (2.5Y 4/1) to olive gray (5Y 
4/2), and the texture of that horizon ranges from silt loam 
to silty clay loam. The B horizon ranges from 10 to 16 
inches in thickness. The color of the C horizons ranges 
from grayish brown (2.5¥ 4/2) to olive gray (SY 4/2) 
with many mottles of yellowish brown (10Y]R 5/4), red- 
dish brown (SYR 4/4), and dark brown (7.5YR 4/2). In 
general, the texture of the C horizons ranges from silt 
loam to silty clay loam, but thin layers of coarser textured 
material occur in some places in the C horizons where the 
Perella soils occur with the Gardena soils. 


Rauville Series 


The Rauville series consists of very poorly drained 
Humic Gley soils developed in medium-textured and mod- 
erately fine textured alluvium. These soils are in aban- 
doned stream channels, oxbows, and seepage areas along 
the outer edges of stream valleys. 

These soils have a thick A horizon of black, friable silty 
clay loam to silt loam and a B horizon of black to very dark 
gray, gleyed silty clay loam. The B horizon has moderate 
blocky structure and many faint dark brown and very dark 
brown mottles. 

The Rauville soils occur with the Lamoure, Fairdale, 
and La Prairie soils. They are more poorly drained and 
have a thicker and darker A horizon than the Lamoure 
soils, and they also have stronger mottling in the B horizon 


and substratum. They are more poorly drained and are 
darker colored than the Fairdale soils, and they are more 
poorly drained and lack the 10YR hues in the B horizon 
that are typical in the B horizon of the La Prairie soils. 

Profile of Rauville silt loam 1,200 feet north and 200 feet 
east a the SW. corner of the SEY, of sec. 29, T. 137 N., R. 
54 W.: 


A11—O to 8 inches, black (N 2/0) silt loam, dark gray (N 4/0) 
when dry; moderate, medium, subangular blocky and 
granular structure; hard, very friable, and slightly 
plastic; gradual boundary. 

Al2g—S to 18 inches, black (N 2/0) silt loam, dark gray 
(N 4/0) when dry; weak, coarse, prismatic and mod- 
erate, medium, subangular blocky structure; slightly 
hard, friable, and slightly plastic; weakly calcareous; 
gradual boundary. 

ABg—18 to 32 inches, black (5Y 2/1) silty clay loam, gray 
(5Y 5/1) when dry; weak, coarse, prismatic to mod- 
erate, medium, blocky structure; hard, firm, sticky and 
plastic; slightly caleareous; clear boundary. 

B2ig—22 to 40 inches, black (5Y 2/2) silty clay loam, gray 
(5Y 5/1) when dry; moderate, coarse and medium, 
blocky structure ; hard, firm, sticky and plastic ; weakly 
caleareous ; gradual boundary. 

B22g—40 to 52 inches, very dark gray (2.5Y 8/1) stratified 
sandy loam and silty clay loam, dark gray (2.5Y 4/1) 
when dry; many, fine, faint, very dark brown (10YR 
2/2) and very dark grayish-brown (2.5¥ 3/2) mottles; 
hard, firm, sticky and plastic; clear boundary. 

Albg—52 to 60 inches, black (5Y 2/1) stratified sandy loam 
and silty clay loam, gray (5¥ 5/1) when dry; many 
olive-brown (2.5Y 4/4) and very dark grayish-brown 
(2.5Y 3/2) mottles; hard, firm, sticky and plastic. 

The texture of the A horizons ranges from silt loam 
to silty clay loam, and the thickness of those horizons 
ranges from 16 to 30 inches. In places the color of the A 
horizons is black in 5Y hues. The color of the B horizons 
ranges from black (5Y 2/1) to very dark gray (2.5¥ 3/1) 
or olive gray (5Y 4/2), and the texture of those horizons 
ranges from silt loam to silty clay loam. The underlying 
material is dominantly silt loam to silty clay loam strongly 
mottled with olive brown (2.5Y 4/4) and very dark gray- 
ish brown (2.5Y 3/2), but there are thin layers of sandy 
loam below a depth of 86 inches in some places. In some 
places the profile lacks the A horizon of a buried soil. 


Renshaw Series 


The Renshaw soils are well-drained Chernozems, They 
developed in medium-textured to moderately coarse tex- 
tured glacial melt water sediments over gravel and coarse 
sand. They are most extensive on the beach ridges. 

‘The A. horizon of these soils is black to very dark gray, 
friable loam to sandy loam. Their B horizon is very 
dark grayish-brown or grayish-brown, friable sandy loam 
to loam that has moderate prismatic structure. The sub- 
stratum is gravel and coarse sand. 

The Renshaw soils occur with the Sioux and Fordvilie 
soils. Unlike the Sioux soils, they havea B horizon, Their 
profile is similar to that of the Fordville soils, but gravel 
and sand are immediately below the B horizon. 

Profile of Renshaw Joam 1,000 feet. north and 70 feet 
west of the SE. corner of the NEV, of sec. 31, T. 187 N,, 
R. 54 W.: 


Ap—0 to 7 inches, black (LOYR 2/1) loam, dark gray (10YR 
4/1) when dry; weak, medium and fine, subangular 
blocky and moderate, fine, crumb structure; soft, fri- 
able, slightly sticky and slightly plastic; abrupt, 
smooth boundary. 


TRI-COUNTY ARGA, NORTH DAKOTA 83 


B21—7 to 11 inches, dark grayish-brown (10YR 4/2) light 
loam, grayish brown (10YR 5/2) when dry; moderate, 
medium, prismatic and weak, medium and fine, sub- 
angular blocky structure; slightly hard, very friable, 
slightly sticky and slightly plastic; abrupt boundary. 

B22—11 to 14 inches, dark grayish-brown (10YR 4/2) sandy 
loam, grayish brown (10YR 5/2) when dry; weak, 
medium and fine, subangular blocky structure; slightly 
hard and very friable; clear boundary. 

B3—14 to 17 inches, dark grayish-brown (10YR 4/2) gravelly 
sandy loam, grayish brown (10YR 5/2) when dry; 
very weak, medium, subangular blocky structure; soft 
and very friable; lime coatings on the pebbles; abrupt 
boundary. 

IIC1—17 to 36 inches, gravel and sand. 

IIC2—386 to 60 inches, stratified sand and gravel. 


The texture of the A horizon ranges from loam to sandy 
loam. The color of the A horizon ranges from black 
(10YR 2/1) to very dark gray (10YR 3/1), and the thick- 
ness of that horizon ranges from 4 to 10 inches. The color 
of the B horizons ranges from very dark grayish brown 
(10YR 3/2) to dark grayish brown (10YR 4/2), and the 
texture of those horizons ranges from light loam or sandy 
loam to gravelly sandy loam. The combined thickness of 
the B horizons ranges from 4 to 10 inches. The thickness 
of the solum ranges from 8 to 20 inches, but the dominant 
thickness is 12 to 18 inches. The substratum is stratified 
and consists of gravelly sand to coarse gravel. 


Sioux Series 


The Sioux series consists of excessively drained Rego- 
sols. These soils developed in very shallow, medium- 
textured and moderately coarse textured sediments de- 
posited in glacial melt water. The Sioux soils are most 
extensive on the beach ridges. 

These soils have an A horizon of black to very dark gray, 
friable sandy loam to loam. The A horizon rests upon the 
substratum of gravel and coarse sand. The uppermost 
few inches of the substratum is calcareous and contains 
many lime-coated pebbles. 

The Sioux soils occur with the Renshaw soils. Unlike 
the Renshaw soils, they Jack a B horizon and have a sub- 
stratum of gravel or gravelly sand immediately below the 
A. horizon, This gravelly substratum distinguishes the 
Sioux soils from the Buse and Zell soils, which have a sub- 
stratum of medium-textured glacial till or of sediments 
deposited in melt water, 

Profile of Sioux loam one-fourth of a mile south and 
108 feet east of the NW. corner of sec. 6, T. 136 N., R. 
54 W.: 

A1l—0 to 8 inches, black (1OYR 2/1) loam, very dark gray 
(10¥R 8/1) when dry; compound weak, fine, suban- 
gular blocky and crumb structure; numerous fine 
roots; slightly hard, very friable, slightly sticky and 
slightly plastic; clear, smooth boundary. 

A12—3 to 8 inches, black (10YR 2/1) loam, very dark gray 
(10YR 3/1) when dry; compound weak, medium, pris- 
matie and weak, fine, subangular blocky structure; 
numerous fine roots; slightly hard, very friable, 
slightly sticky and slightly plastic; clear, wavy 
boundary. 

IiCca—8 to 18 inches, dark grayish-brown (2.5Y¥ 4/2) coarse 
sand and gravel, light brownish gray (2.5¥ 6/2) when 
dry; few roots; single grain (structureless) ; loose; 
strongly caleareous; gradual boundary. 

IIC—18 to 60 inches, brown (10¥R 4/3) coarse sand and gravel. 

The color of the A horizons ranges from black (10YR 
2/1) to very dark gray (1L0YR 3/1), and the texture of 
those horizons ranges from sandy loam to loam. The com- 


bined thickness of the A horizons ranges from 4 to 10 
inches. 
Spottswood Series 


In the Spottswood series are moderately well drained 
Chernozems. These soils developed in medium-textured 
or moderately coarse textured sediments deposited in gla- 
cial melt water, and they are underlain by gravel and 
coarse sand at a moderate depth. They are most extensive 
on the lower slopes of the beach ridges. 

These soils have a thick A horizon of black, friable sandy 
loam to loam. Their B horizon is very dark grayish- 
brown to very dark brown or dark-gray loam, and it has 
weak to moderate prismatic structure. The upper part 
of their C horizon is light brownish-gray to grayish-brown, 
friable sandy loam to loam, and it is underlain by strati- 
fied gravel and coarse sand. 

The Spottswood soils occur with the Renshaw and Ford- 
ville soils, but they have a thicker A horizon than those 
soils, Also, they have a Cca horizon above the gravel in 
the substratum that is lacking in the Renshaw soils. 

Profile of Spottswood sandy loam 1,100 feet east and 80 
feet south of the NW. corner of the NEV, of sec. 35, T. 141 
N., BR. 53 W.: 


Alp—0 to 8 inches, black (10YR 2/1) sandy loam, dark gray 
(1OYR 4/1) when dry; weak, coarse, subangular 
blocky structure; slightly hard and very friable; 
abrupt boundary. 

A12—8 to 18 inches, black (10YR 2/1) sandy loam, dark gray 
(10YR 4/1) when dry; weak, medium, subangular 
blocky structure; slightly hard and friable; clear 
boundary. 

B2—18 to 24 inches, very dark brown (10YR 2/2) sandy loam, 
dark gray (10YR 4/1) when dry; weak, coarse, pris- 
matic and medium, subangular blocky structure; 
slightly hard and friable; abrupt, wavy boundary. 

Ccea—24 to 84 inches, grayish-brown (2.5Y 5/2) gravelly loam, 
light brownish gray (2.5Y 6/2) when dry; weak, 
coarse, subangular blocky structure; slightly hard and 
friable; strongly calcareous; clear boundary. 

IIC1—34 to 48 inches, dark grayish-brown (2.5Y 4/2) gravel 
and coarse sand, grayish brown (2.5Y 5/2) when dry; 
single grain; loose; slightly calcareous; abrupt bound- 
ary. 

IITC2—48 to 60 inches, olive-brown (2.5Y 5/4) loam, light gray 
(2.5Y 7/2) when dry; common, coarse, prominent mot- 
tles of yellowish red (5¥R 4/6); weak, fine, blocky 
structure; hard, friable, slightly sticky and slightly 
plastic; calcareous, 


The texture of the A horizons ranges from sandy loam 
to loam, and the combined thickness of those horizons 
ranges from 10 to 22 inches. The color of the B horizon 
ranges from very dark grayish brown (10YR 3/2) to dark 
grayish brown (10YR 4/2) or dark brown (10¥YR 4/3), 
and the texture of that horizon ranges from sandy loam 
to loam. The structure of that horizon is weak to mod- 
erate prismatic. The color of the Cea horizon ranges from 
light brownish gray to grayish brown, and the texture of 
that horizon ranges from gravelly loam to gravelly sandy 
loam. The thickness of the solum ranges from 20 to more 
than 36 inches, but the thickness of the modal solum is be- 
tween 24: and 36 inches. 


Stirum Series 


The Stirum series consists of weakly solodized Solonetz 
soils that are poorly drained. These soils developed in 
moderately coarse textured sediments deposited in glacial 
melt water. 
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The A horizons of these soils range from black to very 
dark gray in color and from fine sandy loam to silt loam 
in texture. Their B2 horizon is very dark gray fine sandy 
loam. It has weak, coarse, columnar or prismatic struc- 
ture. The surfaces of the peds are coated with gray. 
Segregations of soluble salts and gypsum crystals are com- 
mon in the B2 horizon, and that horizon is strongly cal- 
carédis and strongly alkaline. The C horizons are gray- 
ish-brown to olive-brown fine sandy loam to loamy sand 
mottled with gray and dark yellowish brown. 

The Stirum soils occur with the Glyndon and Ulen soils. 
They developed in coarser textuiedl sediments than the 
Glyndon soils. Unlike the Ulen soils, they have a B hori- 
zon that has columnar or prismatic structure and contains 
soluble salts and gypsum. 

Profile of Stirtim silt loam 200 feet east and 150 feet 
north of the SW. corner of sec. 13, T. 188 N., R. 54 W.: 


Ap—O to 7 inches, black (1OYR 2/1) silt loam, dark gray 
(1O¥R 4/1) when dry; moderate, medium, subangular 
blocky and granular structure; slightly hard, very 
friable, slightly sticky and slightly plastic; slightly 
calcareous; abrupt boundary. 

A12—7 to 11 inches, black (1LOYR 2/1) silt loam, very dark gray 
(10¥R 8/1) when dry; weak, coarse and moderate, 
fine, subangular blocky structure; slightly hard, very 
friable, slightly sticky and slightly plastic; calcareous 
and contains many very fine, white flecks of salt; 
moderately alkaline; clear boundary. 

B2—11: to 30 inches, very dark gray (2.5Y 3/1) fine sandy 
loam, dark gray (2.5Y 4/1) when dry; weak, very 
coarse, columnar and coarse, subangular blocky struc- 
ture; hard, friable, sticky and plastic; strongly alka- 
line; strongly calcareous and contains distinct nests 
of gypsum crystals ; clear boundary. 

Clca—30 to 40 inches, light brownish-gray (2.5¥ 6/2) very 
fine sandy loam, light gray (2.5Y 7/2) when dry; 
very hard and very friable; very strongly calcareous 
and strongly alkaline; contains segregations of gyp- 
sum; clear boundary. 

C2—40 to 52 inches, grayish-brown (2.5Y 5/2) fine sandy loam, 
light brownish gray (2.5¥ 6/2) when dry; a few, fine, 
faint, light-gray (5Y 6/1) mottles; very hard and very 
friable; strongly alkaline; caleareous; gradual 
boundary. 

C8—52 to 60 inches, olive-brown (2.5Y 4/4) fine sandy loam, 
light yellowish brown (2.5¥ 6/4) when dry; a few 
fine, faint, light-gray (5Y 6/1) and a few, coarse, dis- 
tinct, very dark brown (10YR 2/2) and dark yellow- 
ish-brown (10Y¥R 4/4) mottles; very hard and very 
friable; slightly calcareous. 


The color of the A horizons ranges from black (1OYR 
2/1) to very dark gray (10YR 3/1), and the texture of 
those horizons ranges from fine sandy loam to silt loam. 
Flecks of soluble salts occur in some places in the A12 hori- 
zon, The combined thickness of the A horizons ranges 
from 6 to 14 inches. The color of the B2 horizon ranges 
from very dark gray to light brownish gray in 2.5Y hues. 
Tho percentage of exchangeable sodium in that horizon 
ranges from 30 to 70 percent. The color of the C horizons 
ranges from grayish brown (2.5Y 5/2) or light brownish 
gray (2.5Y 6/2) to olive brown (2.5Y¥ 4/4), and those 
horizons are mottled with light gray (SY 6/1), very dark 
brown (10YR 2/2), and dark yellowish brown (10YR 
4/4). The percentage of exchangeable sodium in the C 
horizons exceeds 40 percent, 


Svea Series 


In the Svea series are moderately well drained Cherno- 
zems developed in friable loam glacial till. These soils are 
in nearly level or slightly concave areas on the till plain. 


The Svea soils have a thick A horizon of black loam and 
a B horizon of very dark grayish-brown, friable loam that 
has prismatic structure. Their Cca horizon is olive-brown 
to light brownish-gray loam that has weak blocky struc- 
ture. The C horizon is olive-brown or light olive-brown, 
calcareous, friable loam. Variable numbers of pebbles 
and stones, typical of the glacial till in the survey area, are 
in all horizons and im the substratum. 

The Svea soils occur with the Barnes, Hamerly, Tetonka, 
Parnell, Buse, and Vallers soils. They have a thicker A 
horizon and a greater depth to free lime than the Barnes 
soils, and they Jack the distinct Cca horizon that underlies 
the A horizon in the Hamerly soils. The Svea soils lack 
the A2 horizon that is typical in the profile of the Tetonka 
soils, and they ave better drained than the Tetonka and 
Parnell soils. They have a thicker A. horizon than the 
Buse soils, and they have a B horizon that is lacking in 
the Buse soils. The Svea soils developed in glacial till 
rather than in glacial melt water sediments like the Gar- 
dena soils. 

Profile of Svea loam 620 feet north and 150 feet east of 
the SW. corner of sec, 30, T. 187 N., R. 54 W.: 


Alp—0 to 8 inches, black (1OYR 2/1) loam, very dark gray 
(10YR 3/1) when dry ; moderate, medium, subangular 
blocky and granular structure; slightly hayd, very 
friable, slightly sticky and slightly plastic; abrupt 
boundary. 

A12—8 to 14 inches, black (1LOYR 2/1) loam, dark gray (10¥R 
4/1) when dry; weak, coarse, prismatic and moderate, 
medium, subangular blocky structure; hard, very 
friable, slightly sticky and slightly plastic; gradual 
boundary. 

AB—14 to 20 inches, very dark brown (10YR 2/2) heavy loam, 
dark gray (10YR 4/1) when dry; moderate, coarse, 
prismatic and moderate, coarse and medium, blocky 
structure; slightly hard, friable, slightly sticky and 
slightly plastic; clear boundary. 

B21—20 to 30 inches, very dark grayish-brown (2.5Y 3/2) light 
clay loam, dark grayish brown (2.5¥ 4/2) when dry; 
moderate, medium and coarse, prismatic and moderate, 
medium, blocky structure; faint patches of clay films 
on the vertical surfaces of the peds; hard, friable, 
sticky and slightly plastic; numerous pores; gradual 
boundary. 

B22—80 to 86 inches, very dark grayish-brown (2.5Y¥ 3/2) light 
clay loam, dark grayish brown (2.5Y¥ 4/2) when dry.; 
coarse, weak, prismatic and moderate, medium, blocky 
structure: faint patches of clay films on the vertical 
surfaces of the peds; hard, friable, sticky and slightly 
plastic; clear boundary. 

Clca—36 to 42 inches, olive-brown (2.5Y 4/4) loam, light olive 
brown (2.5Y 5/4) when dry; a few, fine, distinct 
mottles of very dark brown (10¥R 2/2) ; coarse, weak, 
blocky structure; slightly hard, friable, slightly sticky 
and slightly plastic; strongly calcareous; clear 
boundary. 

C2—42 to 60 inches, olive-brown (2.5¥ 4/4) loam, light olive 
brown (2.5Y 5/4) when dry; a few, fine, distinct 
mottles of dark yellowish brown (10YR 4/4) and yel- 
lowish brown (10YR 5/6); slightly hard, friable, 
slightly sticky and slightly plastic; calcareous. 


The combined thickness of the A horizons ranges from 
9to20 inches. The texture of the B2 horizons ranges from 
loam to light clay loam, and the structure of those horizons 
ranges from weak or moderate prismatic to subangular 
blocky or blocky. In places the faint patches of clay films 
on the vertical surfaces of the prisms are absent. The 
combined thickness of the B horizons ranges from 4 to 18 
inches, The color of the Cca horizon ranges from olive 
brown (2.5Y 4/4) to light brownish gray (2.5Y 6/2), and 
the thickness of the Cea horizon ranges from 6 to 16 inches. 
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The color of the C2 horizon ranges from olive brown (2.5Y 
4/4) to light olive brown (2.5Y 5/4) mottled with dark 
a brown (10YR 4/4) and yellowish brown (10YR 
5/6). 


Tetonka Series 


The Tetonka series consists of poorly drained Planosols 
developed in local alluvium over glacial till. These soils 
are in shallow closed depressions on both the till plain 
and the lake plain. 

These soils have a thick A horizon of black, friable silt 
loam and a thin to thick AQ horizon of black to very dark 
gray or gray very fine sandy loam to silt loam. The A2 
horizon. is mottled with dark yellowish brown and has 
platy structure. The B2 horizon is firm clay loam to silty 
clay and has weak prismatic and strong blocky structure. 

The Tetonka soils occur with the Barnes, Svea, Ham- 
erly, Vallers, and Parnell soils, but unlike these soils, they 
have an A2 horizon. The Tetonka soils have a finer tex- 
tured, darker colored B horizon than the Barnes and Svea 
soils, and they lack the distinct Cea horizon immediately 
below the Al horizon that is typical in the Hamerly and 
Vallers soils. 

Profile of Tetonka silt loam 1,000 feet south of the cen- 
ter of sec. 10, T. 187 N., R. 54 W.: 


Al—0 to 15 inches, black (10YR 2/1) silt loam, dark gray 
(10¥R 4/1) when dry; moderate, fine, granular struc- 
ture; slightly hard, friable, slightly sticky and slightly 
plastic; gradual boundary. 

Al-A2—15 to 22 inches, black (10YR 2/1) loam, dark gray 
(10OYR 4/1) when dry; weak, thin, platy structure; 
slightly hard, friable, slightly sticky and slightly plas- 
tic; clear boundary. 

A2—22 to 32 inches, black (2.5¥ 2/2) loam, gray (5Y 5/1) 
when dry; many, medium, distinct mottles of dark 
yellowish brown (1OYR 4/4) ; strong, thin, platy strue- 
ture; slightly hard and very friable; abrupt boundary. 

B2g—82 to 48 inches, dark grayish-brown (2.5Y 4/2) clay 
loam, grayish brown (2.5¥ 5/2) when dry; common, 
coarse, distinct mottles of yellowish brown (10YR 
5/6) and many, fine, distinct mottles of dark yellow- 
ish brown (10¥R 3/4); weak, coarse, prismatic and 
strong, medium and fine, blocky structure; very hard, 
firm, sticky and plastic; clear boundary. 

TIC—48 to 60inches, dark grayish-brown (2.5Y 4/2) fine sandy 
ture; slightly hard and very friable; abrupt boundary. 
medium and fine distinct mottles of pale brown (LOYR 
6/3), dark brown (10YR 4/8), and very dark brown 
(10¥R 2/2) ; hard, very friable. 


The color of the Al horizon ranges from black (l0YR 
2/1) to very dark gray (LOYR 3/1), and the thickness of 
that horizon ranges from 6 to 94 inches. The color of the 
A® horizon ranges from black (2.5Y 2/2) or very dark 
gray (5Y 38/1) to gray (5Y 5/1), and the texture of that 
horizon ranges from very fine sandy loam to silt loam. 
The thickness of the A2 horizon ranges from 2 to 10 inches. 
The color of the B horizon ranges from very dark gray 
(2.5Y 3/1) to dark grayish brown (2.5Y 4/2), and the tex- 
ture of that horizon ranges from clay Joam to silty clay. 
The structure of the B horizon ranges from weak prismatic 
to strong, fine, blocky, and the aggregates in the upper 
part of that horizon are coated with gray soil material 
from the A2 horizon. The thickness of the B horizon 
ranges from 14 to 24 inches. The color of the C horizon 
ranges from dark grayish brown (2.5Y 4/2) to olive (5Y 
5/8) with mottles of reddish brown (5YR 4/8) and yel- 
lowish brown, dark brown, and very dark brown in 10YR 
hues. The texture of the C horizon ranges from clay loam 


or silty clay loam to fine sandy loam. In some places 
strata of sandy loam occur below a depth of 50 inches. 


Tiffany Series 


The Tiffany series consists of poorly drained Humic 
Gley soils developed in moderately coarse textured sedi- 
ments deposited in glacial lakes. ‘These soils are in shal- 
low depressions and in low concave areas. In most years 
they have a water table at a depth of less than 5 feet in 
spring and early in summer, 

These soils have a thick A horizon of black, friable fine 
sandy loam. Their B horizon is dark grayish-brown fine 
sandy loam mottled with dark brown and dark yellowish 
brown. The C horizon is light brownish-gray to light- 
gray fine sandy loam to loamy sand with many dark- 
brown and yellowish-brown mottles. 

The Tiffany soils occur with the Hecla, Embden, Hamar, 
and Ulen soils. They are finer textured and more poorly 
drained than the Hecla soils and are more poorly drained 
and more strongly mottled than the Embden soils. The 
Tiffany soils are fmer textured than the Hamar soils, and 
they lack the distinct Cea horizon that is present in the 
Ulen soils. 

Profile of Tiffany fine sandy loam 400 feet north and 60: 
feet west of the SE. corner of the SW of sec. 6, T. 187 
N., R. 53 W.: 


Ap—90 to 9 inches, black (10YR 2/1) fine sandy loam, dark 
gray (10YR 4/1) when dry; weak, medium, subangu- 
lar blocky and weak, fine, crumb structure; slightly 
hard, very friable, slightly sticky and slightly plastic ; 
abrupt boundary. 

A12—9 to 26 inches, black (10YR 2/1) fine sandy loam, gray 
(10YR 5/1) when dry; many, fine, faint mottles of 
very dark brown (10YR 2/2) and dark yellowish 
brown (10¥R 3/4) ; weak, fine, subangular blocky and 
crumb structure; slightly hard and very friable; grad- 
ual boundary. 

B2g—26 to 40 inches, dark grayish-brown (2.5Y 4/2) fine sandy 
loam, light gray (2.5Y 7/2) when dry; common, 
medium and fine, distinct mottles of very dark brown 
(1OYR 2/2) and dark yellowish brown (10YR 4/3) ; 
very weak, coarse, crumb structure; slightly hard and 
loose; gradual boundary. 

TIC1g—40 to 56 inches, light brownish-gray (2.5Y 6/2) fine 
sandy loam, white (2.5Y 8/2) when dry; many promi- 
nent mottles of dark yellowish brown (10YR 4/6) and 
a few, medium, prominent mottles of very dark brown 
(10YR 2/2); hard, friable, and slightly plastic; cal- 
careous ; clear boundary. 

IIC2g-—56 to 62 inches, light-gray (2.5¥ 7/2) very fine sandy 
loam, white (2.5Y 8/2) when dry; many, coarse, prom- 
inent mottles of yellowish brown (10YR 5/6) and dark 
yellowish brown (1OYR 4/4) ; hard and very friable; 
calcareous, 


The A horizon ranges from 15 to 80 inches in thickness, 
and the number of moitles in the lower part ranges from 
common tomany. The color of the B horizon ranges from 
dark grayish brown (2.5Y 4/2) to olive brown (2.5Y 
5/8), and the color of the mottles ranges from very dark 
brown (10YR 2/2) to dark yellowish brown (10YR 4/3). 
The color of the C horizons ranges from grayish brown 
(2.5Y 5/2) to light brownish gray (2.5Y 6/2) with strong 
mottling of dark yellowish brown (10YR 4/4) and very 
dark brown (10YR 2/2). In general, the texture of the C 
horizons ranges from fine sandy loam or very fine sandy 
loam to loamy sand, but strata of finer textured material 
occur below a depth of 48 inches in some places. 
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Ulen Series 


The Ulen series consists of moderately well drained or 
somewhat poorly drained, calcareous Solonchak soils de- 
veloped in moderately coarse textured and coarse textured 
sediments deposited in glacial melt water. These soils 
are in low, nearly level areas. A water table is at a depth 
of less than 5 feet in spring and early in summer in most 
years, These soils are calcareous below a depth of 10 
mches, and they are calcareous at the surface in many 
places. 

The A horizon of these soils is black to very dark gray, 
very friable fine sandy loam to loamy fine sand, and it is 
underlain by a strongly calcareous Cca horizon of very 
dark gray to grayish-brown fine sandy loam to loamy fine 
sand. The C horizon is olive-brown to light olive-brown 
fine sandy loam to loamy fine sand mottled with brown and 
very dark grayish brown. 

The Ulen soils occur with the Hecla, Embden, Mad- 
dock, Egeland, Hamar, and Tiffany soils. They have 
more mottling in the substratum than the Hecla, Embden, 
Maddock, and Egeland soils, and unlike those soils, they 
lack a B horizon. Also, just below the A horizon they 
have a distinct Cea horizon that is lacking in those soils 
and is lacking in the Hamar and Tiffany soils. The Ulen 
soils ‘are coarser textured than the Glyndon soils. They 
are better drained than the Arveson soils. 

Profile of Ulen fine sandy loam 350 feet west and 250 
feet north of the center of sec. 3, T. 186 N., R. 52 W.: 


Ap—0 to 6 inches, black (10YR 2/1) fine sandy loam, gray 
(10¥R 5/1) when dry; weak, medium, subangular 
blocky structure; hard, very friable, and slightly 
sticky ; calcareous; abrupt boundary. 

Cica—6 to 18 inches, very dark gray (10¥R 3/1) fine sandy 
loam, light gray (10YR 6.6/1) when dry; weak, 
medium and fine, subangular blocky and moderate, 
fine, crumb structure; hard, friable, and slightly 
sticky ; strongly calcareous; gradual boundary. 

C2ca-—-18 to 26 inches, dark grayish-brown (2.5Y 4/2) fine 
sandy loam, light gray (2.5Y 7/2) when dry; weak, 
coarse, subangular blocky and fine crumb structure; 
hard and very friable; strongly calcareous; clear 
boundary. 

C8—26 to 40 inches, light olive-brown (2.5Y 5/4) loamy fine 
sand, light brownish gray (2.5Y 6/2) when dry; single 
grain; slightly hard and loose; calcareous; clear 
boundary. 

IIC4-—40 to 52 inches, light olive-brown (2.5Y 5/4) Ught loam, 
light gray (2.5Y 7/2) when dry; many, medium, dis- 
‘tinct, brown (7.5YR 4/4) mottles; hard and friable; 
calcareous ; gradual boundary, 

IIC5—52 to 62 inches, light olive-brown (2.5Y 5/4) stratified 
very fine sandy loam and silt loam (strata of silt loam 
are very thin), light gray (2.5Y 7/2) when dry; many, 
medium, distinct, brown (7.5YR 4/4) mottles and a 
few very dark grayish-brown (10YR 3/2) mottles; 
hard, friable, and slightly plastic; caleareous, 


The color of the A horizon ranges from black (LOYR 
2/1) to very dark gray (10YR 3/1), and the texture of 
the A horizon ranges from fine sandy loam to loamy fine 
sand. The thickness of that horizon ranges from 6 to 15 
inches. The color of the Cea horizons ranges from very 
dark gray (2.5Y 3/1) to grayish brown (2.5Y 5/2) or dark 
grayish brown (2.5Y 4/2). The texture of the Cca hori- 
zons ranges from heavy fine sandy loam to loamy fine 
sand, anc the combined thickness of those horizons ranges 
from 6 to 20 inches. The color of the other C horizons 
ranges from olive brown to light olive brown in 2.5Y hues, 
with brown (7.5YR 4/4) mottles. In general, the texture 


of these other C horizons ranges from fine sandy loam to 
fine sand, but strata of finer textured material occur in 
many places below a depth of 42 inches. 


Vallers Series 


The Vallers series consists of poorly drained calcareous 
Solonchak soils developed in medium-textured glacial till. 
These soils are on the till plain adjacent to shallow, closed 
depressions. 

The A horizons of these soils are black to very dark 
gray, calcareous, friable loam. Their Cca horizons are gray 
to light olive-gray loam to clay loam. The C horizons 
below the Cca horizons consist of gray to olive-brown 
loam mottled with yellowish brown and dark yellowish 
brown. Variable amounts of pebbles and stones, typical 
of the glacial till in the survey area, are throughout the 
profile and in the substratum. 

The Vallers soils occur with the Barnes, Svea, Hamerly, 
and Tetonka soils. They lack the B horizon that is typical 
in the Barnes and Svea profiles, and they have grayer 
colors and poorer drainage than the Hamerly soils. The 
Vallers soils lack the A2 and B horizons that are typical 
in the Tetonka profile. Unlike the Borup soils, they devel- 
oped in glacial till. The Vallers soils are finer textured 
than the Arveson soils. 

Profile of Vallers loam 150 feet east and 100 feet north 
of the center of sec. 25, T. 187 N., R. 54 W.: 


A1—0 to 7 inches, black (10YR 2/1) loam, dark gray (10YR 
4/1) when dry; moderate, medium, subangular blocky 
and granular structure; slightly hard, friable, slightly 
sticky and slightly plastic ; calcareous; clear boundary. 

Al2ca—7 to 14 inches, very dark gray (2.5Y 3/1) loam, gray 
(2.5Y 5/1) when dry; weak, coarse, prismatic and 
medium, subangular blocky structure; slightly hard, 
friable, slightly sticky and slightly plastic; strongly 
calcareous; clear boundary. 

Clgca—14 to 22 inches, light olive-gray (5Y 6/2) loam, light 
gray (SY 7/1) when dry; weak, coarse, prismatie and 
moderate, medium, subangular blocky structure; hard, 
friable, sticky and plastic; very strongly calcareous; 
clear boundary. 

C2gcea—22 to 34 inehes, gray (BY 5/1) loam, light gray (5Y 
6/1) when dry; a few, fine, distinet mottles of light 
olive brown (2.5Y 5/4); weak, course, prismatic and 
moderate, medium, subangular blocky structure; very 
hard, friable, sticky and-plastic; strongly calcareous ; 
clear boundary. 

C3g—34 to 46 inches, gray (SY 6/1) light loam, light gray 
(5Y 7/1) when dry; many, fine, distinct mottles of 
dark yellowish brown (10YR 4/4) and yellowish 
brown (10YR 5/6) ; slightly hard, very friable, slightly 
sticky and slightly plastic ; calcareous; clear boundary. 

C4g-——-46 to GO inches, olive-brown (2.5Y 4/4) loam, light gray- 
ish brown (2.5Y 6/2) and has common, medium, dis- 
tinct mottles of dark yellowish brown (10YR 4/4) 
when dry; hard, friable, sticky and plastic; slightly 
calcareous. 


The color of the A horizons ranges from black (LOYR 
2/1) to very dark gray (10YR 3/1), and the combined 
thickness of those horizons ranges from 6 to 14 inches. 
The color of the Cca horizons ranges from gray to light 
olive gray and light brownish gray in 5Y hues, and the 
texture of those horizons ranges from loam to clay loam. 
The combined thickness of the Cca horizons ranges from 
10 to 20 inches. The color of the Cg horizons ranges from 
gray (5Y 6/1) to olive brown (2.5Y 4/4), and the color 
of the mottles in thase horizons ranges from dark yellowish 
brown (10YR 4/2) to yellowish brown (10YR 5/6). The 
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texture of the Cg horizons ranges from loam to light clay 
loam, but loam is the dominant texture. 


Zell Series 


In the Zell series are excessively drained Regosols. 
These soils developed in medium-textured sediments de- 
posited in glacial lakes. They are on. the sides of stream 
valleys and shallow drainageways that are entrenched in 
the silty sediments deposited by glacial melt water. 

Where these soils have not been cultivated, their A hori- 
zon is calcareous, black to very dark gray, friable fine 
sandy loam toloam. Where the soils have been cultivated, 
the A horizon is likely to be gray to light brownish gray. 
The C horizon is mainly brown to light yellowish-brown 
silt loam, but thin layers of coarser textured material occur 
in many places below a depth of 24 inches. The profile is 
calcareous throughout, but in the C horizon the carbonates 
are more concentrated in the uppermost 12 inches than in 
the lower part. 

The Zell soils occur with the Eckman soils, but they 
lack the B horizon that is typical in the Eckman profile. 
Unlike the Buse soils, they developed in sediments de- 
posited in glacial melt water. The Zell soils lack a gravelly 
substratum like that beneath the Sioux soils. 

Profile of Zell loam located 1,200 feet east and 350 feet 
north of the SW. corner of sec. 16, T. 187 N., R. 54 W.: 


Ap—0 to 8 inches, very dark brown (10¥R 2/2) loam, dark 
gray (10YR 4/1) when dry; weak, coarse, subangular 
blocky and weak, medium, crumb structure; slightly 
hard, very friable, slightly sticky and slightly plastic; 
calcareous; abrupt boundary. 

C1—8 to 14 inches, brown (10YR 5/8) silt loam, pale brown 
(10 YR 6/3) when dry; weak, very coarse, subangular 
blocky structure; slightly hard, friable, and slightly 
plastic; calcareous; clear, wavy boundary. 

C2—14 to 26 inches, light yellowish-brown (10YR 6/4) silt 
loam, very pale brown (10YR 8/3) when dry; weak, 
medium and fine, subangular blocky structure; slightly 
hard, friable, slightly sticky and slightly plastic; cal- 
careous; clear boundary. 

C8—26 to 86 inches, yellowish-brown (10¥R 5/4) silt loam, 
very pale brown (10YR 8/4) when dry; moderate, fine 
and very fine, blocky structure; hard, friable, slightly 
sticky and slightly plastic; calcareous; gradual 
boundary. 

C4—86 to 60 inches, light yellowish-brown (10YR 6/4) silt 
loam, very pale brown (10YR 8/4) when dry; hard, 
friable, and slightly plastic; calcareous. 


In areas that have not been cultivated, the color of the 
A horizon ranges from black (10YR 2/1) to very dark 
gray (10YR 3/1). In many places in cultivated fields, 
the Ap horizon is light gray (LOYR 5/1) to light brownish 
gray aes 6/2). The texture of the A horizon ranges 
from fine sandy loam to loam, and the thickness of that 
horizon ranges from 4: to 10 inches. The color of the C 
horizons ranges from brown (10YR 5/8) to yellowish 
brown (1L0YR 5/4) or light yellowish brown (10YR 6/4). 
The texture of the C horizons is dominantly silt loam, but 
thin layers of coarser textured soil material occur below 
a depth of 24 inches in some places. 


Physical and Chemical Analyses of Soils 


Data on the physical and chemical properties of a profile 
from several selected soils in the area are presented in 
table 8. The data provide information useful in classify- 
ing the soils and in making estimates of their response to 
management. Three of the profiles are described in this 


section. Typical profiles of Aberdeen silt loam, Egeland 
fine sandy loam, and Hecla loamy fine sand are described 
in the section “Descriptions of the Soil Series.” 


Field and laboratory methods 


All samples used to obtain the data in table 8 were col- 
lected from carefully selected pits. Profile descriptions 
were written at the site, and samples were taken from each 
horizon for analysis. The samples were air dried, crushed 
by hand, and passed through a 2-millimeter sieve. All 
laboratory analyses were made on material less than 2 
millimeters in diameter, except for the sample used for 
determining the content of organic carbon, which was 
ground to pass a 60-mesh sieve. Determinations of bulk 
density were made by using 3-inch cores (IZ). 

Determinations of the percentages of clay were made 
by using the pipette method (4, 5,7). The moisture held 
at one-tenth atmosphere was 7.28 percent in the AC hori- 
zon of Hecla loamy fine sand. That held at one-third 
atmosphere was 11.4 percent for the Alp horizon of the 
same soil, 9.49 percent for the A12 horizon, and 11.3 per- 
cent for the Cica horizon. The reaction (pH) of the 
saturated paste was measured with a glass electrode. 

Tho calcium carbonate equivalent was determined by 
using the manometric method described by Williams (29). 
The cation-exchange capacity was determined by the 
sodium acetate method (77). Calcium and magnesium 
were determined by using the versenate procedure of the 
U.S. Salinity Laboratory (77). Sodium and potassium 
determinations were made using a Perkin-Elmer flame 
photometer procedure outlined by the U.S. Salinity Labo- 
ratory (11). The content of organic carbon was deter- 
mined by wet combustion, using a modification of the 
Walkley-Black method (9). 

Exrpen Srrtms.—Profile of Embden fine sandy loam, 
till substratum, 90 feet east and 550 north of the SW. 
corner of the SEY, of sec. 25, T. 140 N., R. 54 W.: 


Ap—0 to 10 inches, dark-gray (10YR 4/1) fine sandy loam, 
black (10¥R 2/1) when moist; very weak, fine and 
medium, blocky structure; friable; clear, wavy 
boundary. 

A3—10 to 19 inches, dark-gray (10YR 4.4/1) fine sandy loam, 
very dark grayish brown (10YR 3/2) when moist; 
weak, very coarse, blocky structure; very friable; 
clear, wavy boundary. 

IIB~—-19 to 26 inches, dark grayish-brown (2.5¥ 4/2) sandy 
and gravelly loam, light olive brown (2.5Y 5/4) when 
moist; single grain and granular structure; friable ; 
calcareous; clear, wavy boundary. 

IlICica—26 to 45 inches, mottled white (2.5¥ 8/2) loam, 
light brownish gray (2.5¥ 6/2) when moist; has many, 
fine, prominent mottles that are olive brown (2.5Y 
4/4) when moist; weak, medium, granular structure ; 
friable, slightly sticky and slightly plastic; very 
strongly calcareous; gradual, wavy boundary. 

IIIC2—45 to 60 inches, light-gray (2.5Y 7/2) loam, grayish 
brown (2.5Y 5/2) when moist; weak, thin to medium, 
platy structure; moderately firm, slightly sticky and 
slightly plastic; strongly calcareous. 


Hxcria Serres. —Profile of Hecla loamy fine sand 90 feet 
west and 70 feet north of the SE. corner of SW1, sec. 14, 
T. 143 N., R.53 W.: 


Alp—0O to 7 inches, dark-gray (10YR 3.4/1) loamy fine sand, 
very dark brown (10YR 2.5/2) when moist; a few, 
fine, faint mottlings that are very dark brown (10YR 
2/2) when moist; medium, weak, subangular blocky 
structure; slightly hard, very friable; abrupt, smooth 
boundary. 
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Tasur 8.—~Physical and chemical 


{Analysis by the North Dakota State University Soil Survey 


Particle-size distribution 
Mois- 
Very Very ture 
coarse | Medium] Fine fine Silt Clay | Volume | Perme- held 
Soil type Horizon Depth and sand sand sand (0.05- | (<C0.002 | weight! | ability! | at 15 
coarse (0.5— (0.25- (O.1- 0.002 mm.) atimos- 
sand 0.25 04 0.05 mm.) pheres 
(2-0.5 | mm.) mm.) mm.) 
mm.) 
In, Pet. Pet. Pet, Pet, Pet. Pet, Gm jee Tn jar 
Aberdeen silt loam. Aiea betel ek 0-9 0.2 | 19 24, 2 37.0 20. 4 16.1 L 0. 8. 60 
Yar ee eee 9-13 1.2 11 28. 1 41.3 8.7 828s tie es eS maa 5, 65 
TI B2 ese wees 13-19 8 6 9. 3 23.5 71 46, 8 1. 42 0 22. 46 
IIClea____.-- 19-36 2. 0 1.2 5, 2 7.3 34. 1 49064|-s2eceee)eececele 18. 28 
TIC21__. 22 36-50 3. 5 1.3 3. 6 4,7 36. 0 5056 Joc eentee lee 21. OL 
TIC22.----.-- 50-60 3. 0 15 3.1 5.3 34. 0 53. 1 1. 30 03 23, 96 
Egeland fine sandy ApeoeGes2eds 0-6 2, 2 7.8 45. 9 18,9 14,4 9.8 1. 31 2.8 11, 4 
loam. Boh uote ee 6-19 1.9 71 42. 0 21.0 16.5 10.9 1. 46 3.4 71 
6 5. 2 17.1 45. 3 9.3 8.8 TB Ose ee eee 2 5. 0 
‘ .2 3.7 59. 2 20. 6 7.7 7.9 1. 42 6.5 6.7 
wl 14 52. 5 32. 2 8.0 OA ee Se Se loseeee Rak 4.11 
JL 2.3 57. 8 27.7 71 cs a area ae ee er ence 3. 69 
Embden fine sandy Apt oeecesee 0-10 71 M1 39. 1 10. 4 18. 7 12. 6 14 4. 06 10. 9 
loam. ANS 2 secu gine os 10-19 5.5 11, 4 48. 8 10, 1 13.7 11 1, 58 2, 22 7.9 
IEBS 2 SL kee 19-26 11.8 12, 4 40. 1 12.3 12.8 933-8 tera tea suns tesa alk 2k 7.5 
TlfClea____.- 26-45 5.9 4.0 13. 6 17.9 36. 1 21.8 1.35 £08) |nae heen 
TITC2___.---- 45-60 9. 5 4,3 12.5 14.5 40. 2 18. 6 1, 54 . 08 13.1 
Flecla fine sandy loam, } Alp---------- 0-6 4.2 5. 2 55. 0 14.0 11.9 9. 6 1. 45 3.4 4. 39 
Alo 2 eos nee 6-13 3. 6 5.6 65. 0 9, 2 8.8 eG: Voce pees Side Soe2 5. 26 
ABS aessecd sc 13-23 08 5. 4: 68. 2 9. 2 8.6 Le 1. 40 13.6 4, 28 
Bot eee 23-31 1.2 4.0 68. 8 10. 4 741 8.1 1, 39 12. 6 4,75 
(0) eee eee 31-46 3.1 71 75. 7 5. 0 2.9 5.4 144] 215 4, 20 
2 oeetae ee 46-64 1.0 2.0 77. 4 13. 4: 2.8 Bill? fae setter Sac aas 2. 43 
Fecla loamy fine sand. 3 9 35. 8 44, 0 9.8 8.5 1. 36 3. 6 6.18 
3:2) 9 38. 6 43.5 7.5 TO etst oe M S| See es 2 2a 5, 26 
22 9 40, 2 43.7 7.5 6.5 1, 51 4,5 4. 30 
3 7 36. 2 42.0 8.2 11.2 1. 45 4.2 6. 98 
.2 3 34, 2 49. 1 10. 5 AAG | aude |S 5eo35, 4.1 
.1 1 22.9 62.7 10, 4 27 1. 45 3. 6 3. 38 
.1 1 11.8 69. 8 13. 5 Bar | Bee Medea wo 5. 06 
Stirum fine sandy 2.9 4, 2 40, 4 26, 7 13. 8 lL. 14 Opa |e tiers oe 
loam. 3.8 4.5 29. 6 24.8 18.8 17.1 1. 54 Oe Perera = 
mv ib 14,1 30. 8 38.7 16.8 1.61 (en eee 
va .4 23. 3 52. 5 20.3 7.6 1.55 OB fescustece 
3.9 13 4.1 18.0 59. 0 12-94) os. sche te woes |eactcetas- 
wl 7 49. 0 34, 2 9.3 Ge 2i ees thee teeta e eet Se eas 
1 Data in these columns were obtained by using a 3-inch core for sampling. 
2 Trace. 
A12—T to 18 inches, very dark grayish-brown (1OYR 3/2) C2—33 to 40 inches, pale-brown (1OYR 6/3) loamy very fine 


loamy fine sand, very dark brown (10YR 2.5/2) when sand, brown (10¥R 5/3) when moist; common, 
moist; a few, fine, faint mottlings that are very dark medium, distinct mottlings that are light brownish 
br ‘ 10YR 9 ) A ist: ai ron stb: gray (10YR 6/2) when moist; single grain; soft, very 
rown ( /2) when MOIBE) AMeGU DL Wes friable; strongly calcareous; smooth, gradual 
angular blocky structure; slightly hard, very friable; boundary. 
clear, wavy boundary. C8—40 to 51 inches, light yellowish-brown (10YR 6/3) loamy 
AC—13 to 19 inches, dark grayish-brown (10YR 4/2) loamy very fine sand, grayish brown (2.5¥ 5/2) when moist; 
fine sand; very weak, coarse, subangular blocky struc- many, fine, distinct mottlings that are light olive 
ture; soft, very friable; clear, wavy boundary. brown (2.5Y 5/4) when moist; single grain; loose; 
Clea—19 to 88 inches, light brownish-gray (10YR 6.4/2) very calcareous; clear, smooth boundary. 


fine sandy loam; common, fine, faint mottlings that 
are brown (10YR 5/3) when moist; medium, weak, 


C4zgca—51 to 60 inches, light-gray (2.5Y 7/2) loamy very fine 
sand, grayish brown (2.5¥ 5/2) when moist; common, 
coarse, distinct mottlings that are light olive brown 


subangular blocky structure; soft, very friable; very (2.5Y 5/4) when moist; single grain; loose, very 
strongly caleareous; gradual boundary. friable; calcareous. 
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properties of selected sovd profiles 


Laboratory. Absence of data indicated by dashed lines] 
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Elec- Extractable cations Saturation extract soluble 
trical 
Mois- conduc- 
Available ture pit tivity | CaCO; | Cation- Ex- Or- 
water at satu- |(ECx108)| equiv- jexchange change- ganic 
capacity satu- rated | millim- | alent |capacity| Ca Mg Na K able Ca Mg Na K car- 
ration. paste | hos per Na bon 
em. at 
25° C, 
In.jin. Meq.j | Meq.{ | Meq.f | Meg. | Meg./ 
Pet. of soil Pet. 100 ym. | 100 gm. | 100 gm. | 100 gm. | 100 gm, Pet. Meg fl. | Meg.fl. | Meg.jl. | Meq.fe. 
12, 2 |0. 188 34. 7 6.0 0. 41 |------- 18.4 8.9 5,5 O04) O4 2 2.07 | (3) Li7}| oil 1. 75 
9, 6 148 80, 1 6.5 fOT Vela 10.7 4.1 4.8 .6 2 5 2. 07 @) 2.95 | . 06 . 63 
18.3 60 82.8 7.5 1 S4d |e ee a 35. 2 4.9 | 26.5 4,3 8 10 2.27 @) 7.88 | .07 41 
16.3 212 64. 0 7.9 9. 50 19.5 26,8 |.-_--- 28. 7 6. 8 .7 16 16.12 (71, 24 |43,. 00 77 . 84 
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3In this horizon the soluble calcium (meq,./1.) includes both the calcium and magnesium, 


Stirum Surims.—Profile of Stirum fine sandy loam, 240 
feet east and 350 feet north of the SW. corner of the NW, 
of sec. 24, T. 188 N., R. 54 W.: 


Ap—0 to 7 inches, dark-gray (10YR 4/1) fine sandy loam, 


black (10YR 2/1) when moist; weak, fine and medium, 
subangular blocky structure; very friable; weakly cal- 
careous; abrupt, smooth boundary. 


B2—7 to 15 inches, gray (10YR 5/1) fine sandy loam, dark 


grayish brown (10YR 4/2) when moist; thick clay 
films, very dark grayish brown (10YR 3/2) when 
moist, on the surfaces of the peds; strong, coarse, 
columnar structure breaking to moderate, fine and 
medium, angular blocky structure; very hard, firm, 
plastic, slightly sticky; weakly calcareous; wavy 
boundary. 


Olea—15 to 26 inches, light-gray (2.5¥ 7/2) loam, light brown- 


C2—26 


ish gray (2.5Y 6/2) when moist ; common, fine, distinct 
mottlings that are yellowish brown (10Y¥R 5/4) when 
moist; strong, very coarse, prismatic structure break- 
ing to weak, fine and medium, angular blocky strue- 
ture; very hard, firm, plastic; moderately calcareous; 
gradual boundary. | 

to 34 inches, mottled light-gray (5Y 7/2) very fine 
sandy loam, olive gray (SY 5/2) when moist; common, 
medium, distinct mottlings that are yellowish brown 
(10YR 5/4) when moist, and many, mediwn, distinct 
mottlings that are very dark grayish brown (10XYR 
3/2) when moist; granular structure to single grain ; 
very friable, slightly sticky ; weakly calcareous ; clear, 
wavy boundary. 


90 SOIL SURVEY 


TICG3—84. to 44 inches, mottled light-gray (SY 7/2) silt loam, 
light olive gray (5Y 6/2) when moist; many, medium, 
distinct mottlings that are dark brown (7.5YR 4/4) 
when moist and many coarse, prominent mottlings 
that are very dark grayish brown (10YR 38/2) when 
moist; weak, fine, angular blocky structure; slightly 
plastic; calcareous; clear, wavy boundary. 

IIIC4+—44 to 48 inches, mottled light-gray (SY 7/1) loamy 
fine sand, gray (S5¥ 5/1) when moist; many, medium, 
distinct mottlings that are dark yellowish brown 
(10YR 4/4) when moist, and a few very dark grayish- 
brown mottlings; single grain; loose. Too wet to 
sample below a depth of 48 inches. 


Glossary 


Alkali soil. Generally, a highly alkaline soil. Specifically, an 
alkali soil has so high a degree of alkalinity (pH 8.5 or higher) 
or so high a percentage of exchangeable sodium (15 percent 
or more of the total exchangeable bases), or both, that the 
growth of most crop plants is reduced (17). 

Alluvium. Soil material, such as sand, silt, or clay, that has been 
deposited on land by water. Local alluvium is soil material 
that has been moved a short distance and deposited at the 
base of slopes and along small drainageways. In this report 
it includes the poorly sorted material near the base of slopes 
that has been moved by gravity, frost action, soil creep, and 
local wash. 

Available moisture capacity. The capacity of a soil to hold water 
in a form available to plants. Amount of moisture held in 
a soil between field capacity, or about one-third atmosphere 
of tension, and the wilting coefficient, or about 15 atmospheres 
of tension. In this report available moisture capacity is rated 
as follows: 


Inches Inches 
Good_----.-.-- More than 4.5 LOW cet odoucesestece 2to38 
BL Gh clea are tt 3 to 4.5 Very low_----. Less than 2 


Clay. As a soil separate, the mineral soil particles less than 0.002 
millimeter in diameter. As a soil textural class, soil material 
that is 40 percent or more clay, less than 45 percent sand, and 
less than 40 percent silt. 

Color. See Munsell notation. 

Consistence, soil. The feel of the soil and the ease with which a 
lump can be crushed by the fingers. Terms commonly used 
to describe consistence are— 

Loose.—Noneoherent; will not hold together in a mass. 

Friable-—When moist, crushes easily under gentle pressure. be- 
tween thumb and forefinger and ean be pressed together 
into a lump. 

Firm—When moist, crushes under moderate pressure between 
thumb and forefinger, but resistance is distinctly noticcable. 

Very firm.—When moist, soil material crushes under strong pres- 
sure; barely crushable between thumb and forefinger. 

Plastico—When wet, readily deformed by moderate pressure but 
can be pressed into a lump; will form a “wire” when roled 
between thumb and forefinger. 

Stickhy—When wet, adheres to other material, and tends to 
stretch somewhat and pull apart, rather than to pull free 
from other material. 

Slightly sticky.—When wet, soil material adheres to both thumb 
and forefinger after pressure is applied but comes off one 
or the other cleanly. 

Havd.—_When dry, moderately resistant to pressure; can be 
broken with difficulty between thumb and forefinger. 
Eatremely hard.—PExtremely resistant to pressure; cannot be 

broken by hand. 

Soft.—When dry, breaks into powder or individual grains under 
very slight pressure. 

Cemented.—Hard and brittle; little affected by moistening. 

Drainage, soil. Soils are placed in natural drainage classes on 
the basis of their profile characteristics. The wetness of a 
particular site may be altered by irrigation or by artificial 
drainage, but the characteristics of the soil, which indicate 
soil drainage, remain the same. The soil drainage classes 
for this report are as follows: 


Eecessively drainecd—Water is removed from the soil very 
rapidly. Excessively drained soils are underlain by coarse- 
textured material, or have steep slopes, or both. 

Somewhat excessively drained.—Water is removed from the soil 
rapidly. Somewhat excessively drained soils lack well-de- 
fined horizons and contain sandy material, 

Well drained. Water is removed from the soil readily but not 
rapidly. Well-drained soils are free of excess water through- 
out the growing season. The growth of plant roots is not 
restricted by wetness. 

Moderately weil drained—Water ig removed from the soil some- 
what slowly. Moderately well drained soils are somewhat 
wet for a short but significant part of the growing season. 
In this area their available moisture capacity is most favor- 
able for the growth of the plants. 

Somewhat poorly drained—Water is removed from the soil 
slowly enough to keep it wet for significant periods but not 
all the time. Somewhat poorly drained soils are usually 
wet for a considerable period of time during the growing sea- 
son, especially in spring or after heavy rains during the 
growing season. In about half of the years, this wetness 
does not seriously affect crops. 

Poorly drained.—Water is removed from the soil so slowly that 
the soil is wet during a large part of the growing season. 
The root zone is commonly restricted by a high water table. 
Oceasionally in dry years, poorly drained soils may be 
suitable for cultivation, 

Very poorly drained.—Water is removed from the soil so slowly 
that the water table remains at or on the surface the greater 
part of the time. Very poorly drained soils are generally 
in low, nearly level areas or in depressions. 

Horizon, soil. A layer of soil, approximately parallel to the sur- 
face, that has distinct characteristics produced by soil-forming 
processes, 

Leaching. The removal of soluble materials from soils or other 
material by percolating water. 

Mottled. Irregularly marked with spots of different colors that 
vary in number and size, Mottling in soils usually indicates 
poor aeration and lack of drainage, Mottling may be caused 
by an accumulation of lime, colloids, organic matter, or iron 
compounds, or by some process of soil formation. Descriptive 
terms are as follows: Abundance—few, common, and many; 
size—/jine, medium, and coarse; and contrast—faint, distinct, 
and pronvinent. The size measurements are these: jine, less 
than 5 millimeters (about 0.2 inch) in diameter along the 
greatest dimension; medium, ranging from 5 millimeters to 15 
millimeters (about 0.2 to 0.6 inch) in diameter along the 
greatest dimension; and coarse, more than 15 millimeters 
(about 0.6 inch) in diameter along the greatest dimension. 

Munsell notation. A system for designating color by degrees of 
the three simple variables—hue, value, and chroma, Yor ex- 
ample, a notation of 1OYR 6/4 means a color with a hue of 10YR, 
a value of 6, and a chroma of 4. 

Organic matter. A general term for plant and animal material, 
in or on the soil, in all stages of decomposition. In this report 
the relative ratings for content of organic matter are based 
upon the total content of organic matter in the soil. The terms 
used are “high,” “moderate,” and “low.” 

Parent material. The horizon of weathered rock or partly 
weathered soil material from which soil has formed; horizon 
C in the soil profile. 

Percolation. The downward movement of water through the soil. 

Permeability, soil. The quality of a soil horizon that enables 
water or air to move through it. Terms used to describe 
permeability are as follows: 

Inches per hour 

Very slow__. Less than 0.05 


Inches per hour 
Moderately rapid. 2.50 to 5.00 


SIO Wien eeadee 0.05 to 0.20 Rapid__-.------ 5.00 to 10.00 
Moderately slow_- 0.20 to 0.80 Very rapid__ More than 10.00 
Moderate___----- 0.80 to 2.50 


Profile, soil. A vertical section of the soil through all its horizons 
and extending into the parent material. 

Reaction, soil. The degree of acidity or alkalinity of a soil ex- 
pressed in pH values. A soil that tests to pH 7.0 is pre- 
cisely neutral in reaction, because it is neither acid nor alka- 
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line. In words, the degrees of acidity or alkalinity are ex- 
pressed thus: 
pH pH 
Extremely acid__.. Below 4.5 Neutral —_..-.-..- 6.6 to 7.3 
Very strongly acid__ 4.5 to 5.0 Mildly alkaline_____ TA to 7.8 
Strongly acid._____ 5.1 to 5.5 Moderately alkaline_7.9 to 8.4 
Medium acid__.____ 5.6 to 6.0 Strongly alkaline_._ 8.5 to 9.0 
Slightly acid_______ 6.1 to 6.5 Very strongly 
alkaline____ 9.1 and higher 


Saline soil. A soil that contains soluble salts in amounts that 
impair the growth of crop plants but that does not contain 
excess exchangeable sodium, 

Sand. Individual rock or mineral fragments in soils having diam- 
eters ranging from 0.05 to 2.0 millimeters. Most sand grains 
consist of quartz, but they may be of any mineral composition. 
The textural class name of any soil that contains 85 percent or 
more sand and not more than 10 percent clay. 

Silt. Individual mineral particles in a soil that range in diameter 
from the upper limit of clay (0.002 millimeter) to the lower 
limit of very fine sand (0.05 millimeter). Soil of the silt tex- 
tural class is 80 percent or more silt and less than 12 percent 
clay. 

Soil. A natural, three-dimensional body on the earth’s surface 
that supports plants and that has properties resulting from 
the integrated effect of climate and living matter acting upon 
parent material, as conditioned by relief over periods of time. 

Soil slope. Slope is the number of feet of change in elevation per 
100 feet of linear distance expressed as a percentage. The soil 
slope classes used to describe slope in this survey are as 


follows: 
Percent Percent 
Nearly level Strongly rolling_._.._ 8 to 12 
Undulating___ Hilly__---_-___ More than 12 
Rolling... ----- 


Solum. The upper part of a soil profile, above the parent material, 
in which the processes of soil formation are active. The 
solum in a mature soil includes the A and B horizons. Gen- 
erally, the characteristics of the material in these horizons are 
unlike those of the underlying parent material. The living 
roots and other plant and animal life characteristic of the soil 
are largely confined to the solum. 

Structure, soil. The arrangement of primary soil particles into 
compound particles or clusters that are separated from adjoin- 
ing aggregates and have properties unlike those of an equal 
mass of unaggregated primary soil particles. The principal 
forms of soil structure are—platy (laminated), prismatic 
(vertical axis of aggregates longer than horizontal), columnar 
(prisms with rounded tops), blocky (angular or subangular), 
and granular, Stiructureless soils are (1) single grain (each 
grain by itself, as in dune sand) or (2) massive (the particles 
adhering together without any regular cleavage, as in many 
claypans and hardpans), 

Subsoil. Technically the B horizon; roughly, the part of the pro- 
file below plow depth. 

Substratum. Any layer lying beneath the solum or true soil; the 
C or R horizon. 

Surface soil. The soil ordinarily moved in tillage, or its equivalent 
in uncultivated soil, about 5 to 8 inches in thickness. The 
plowed layer. 

Texture, soil, The relative proportions of sand, silt, and clay 
particles in a mass of soil. 

Tilth, soil. The condition of the soil in relation to the growth of 
plants, especially soil structure. Good tilth refers to the 
friable state and is associated with high noncapillary porosity 
and stable, granular structure. A soil in poor tilth ig non- 
friable, hard, nonaggregated, and difficult to till. 

Topsoil. A presumed fertile soil or soil material, ordinarily rich 
in organie matter, used to topdress roadbanks, lawns. and 
gardens. 
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[Table 3, p. 
gives the predicted estimated average acre yields of the principal crops. 
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MAPPING UNITS AND CAPABILITY UNITS 


11, gives the acreage and proportionate extent of the soils mapped, and table 4, p. 52, 


Management of windbreaks 


is discussed briefly in the section beginning on p. 55,and management of soils under irrigation is 


described in the section beginning on p. 57. 


in the section beginning on p. 63] 


Facts about use of the soils for engineering is given 


Described Capability unit 


on 
Mapping unit page 
Aberdeen silt loam-e--<--+-------- 10 
Alluvial land-------------------- 10 
Arveson fine sandy loam 12 
Arveson fine sandy loam, moderately shallow-----re3~-ssrnceccrne- 12 
Arveson fine sandy loam, very wet---------co rrr errr rt orca 12 
Arveson loamn---7 7 orn re nn rn n nnn nner tect c rr cer recn nce nn cecsn 12 
Barnes loam, undulatinger---we- nnn entre rrr rrr rrr rrr 13 
Barnes-Buse loams, rolling----- roe r terre ttre rn nnn 13 
Barnes-Buse loams, strongly rolling----------cr-- rr ee tren ree 13 
Barnes-Svea loams, undulating~-------------7 cnn - errr reer n nnn 14 
Bearden silt loame--------7-----7 14 
Bearden silty clay loam---------- 14 
Bearden soils, saline-----~----~--- 14 
Bearden-Overly silt loams 15 
Borup silt loam--~--------------- 15 
Borup silt loam, very wet 15 
Buse loam, hilly--+e-c nrc reer ten tet tt teeter nrc ren cere rn ener ccc e cern cca 16 Vie-2 
Dimmick clay--------------77---77 16 IlIw-2 
Divide Loam-n----n nner nnn mere nen nnn tren cere renner nner ner nn 16 IIIs-4 
Fekman loam, nearly level 17 Ile-2 
Eckman loam, undulating 17 Ile-3 
Eckman loam, rolling---------enerr rrr cr rnc rer n rrr nsec nn 1? IIle-5 
Eckman loam, till substratum, undulating 17 Ile=3 
Egeland fine sandy loam, nearly Levelere--enn- rene n nnn n nnn nnn 18 IIIe-1 
Egeland fine sandy loam, undulating--------------er nn r een n cnn nnn reer er nn rene 18 IIIe-1 
Embden fine sandy loam 18 IlTe-1 
Embden-Gardena complex 19 IIIe-1 
Embden-Glyndon fine sandy lLoam8---------------ecr nner ren eernn 19 IIIe-4 
Embden and Hecla fine sandy loams---------errerc-nnr nnn n nn nn ne 19 Ille-3 
Exline complex---------------ere---- 20 VIs-1 
Fairdale silt loam, levee------+---0 nn nnn nnn enn n rrr een n nnn 20 IIe-1 
Fargo Clay------- nono nn nnn nnn nnn nnn nnn nner errr nnn cere nccn aces 20 IIw-1 
Fargo. SiLE Loame=ssise- sss seer sass sadarcsnsnsescscose Se akes 21 TIw-1 
Fargo silty clay Loamm---ncrre nc r scent rrr rnc renner nner narra 21 Tlw-1 
Fargo silty clay loam, saline----------cecr rene cc ners screnn 21 IIIs-6 
Fargo-Exline silty clay loams-----~---~----errrr rrr rnc rr ecenn 2 IlIs-2 
Fresh water marShqn---n ccs - creer nner ee ener nner nnn n cnn 22 (1/) 
Gardena loam, very deep, nearly level------------------------- 23 TIc-1 
Gardena loam, very deep, undulating---------nn renee nnn tren nnn 23 TIe-3 
Gardena loam, deep, nearly level-------------- nnn enneerenenn 23 IIc-1 
Gardena loam, moderately shallow, nearly level~--------------- 23 IIe-1 
Gardena loam, moderately shallow, undulating--------------~ 23 Ile-3 
Gardena loam, till substratum, nearly level-~-------------- 23 Ile-1 
Gardena~Eckman loams, till substratum, nearly level-------- 23 Ilc-1 
Gardena-Glyndon loams, nearly level-~-------------------+--- 23 IIe-1 
Gardena-Glyndon loams, till substratum, nearly level 24 IIc-1 
Glyndon loam, very deep, nearly level---------------------- 24 IIe-1 
Glyndon loam, very deep, undulating-----------crr rr reer nner ncn 24 IIe-1 
Glyndon loam, deep, nearly levelen---n- nen creer errr een n rnc nn 24 IIe-1 
loams, strongly saline, nearly level------ 25 VIs-1 


Glyndon-Borup 
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GUIDE TO MAPPING UNITS AND CAPABILITY UNITS--Continued 


Described Capability unit 


Map on 
symbol Mapping unit page 

GtA Glyndon and Gardena loams, nearly level------nre rn nnn nnn nnn nnn nnn nnn 25 

GuA  Glyndon and Hamerly loams, saline, nearly Llevelw-e-cennnn nee een nc cern nnn 25 

Gv Gravel pitseq---ecec nn nn nnn nee rrr nnn nr errr rrr rrr reer c rnc cceeccnnnccs 25 

Ha Hamar fine sandy loam 26 

Hb Hamar-Ulen fine sandy loams 26 

He Hamar-Ulen loamy fine sands 26 

HdB  Hamerly complex, undulating 27 

HeA Hamerly loam, nearly levelw-----------n--- nee errno nnn rrr cman n ncn enaccn 27 

HgB Hamerly-Barnes loams, undulating------ erence mmm rrr r nnn nnn nnn 27 

HkAx Hecla fine sand, nearly level a7 

HIAx Hecla fine sandy loam, nearly levelqerrnere rrr rrr rrr rrr rrr nn errr rn nen nnn 28 

HmA  Hecla fine sandy loam, moderately shallow, nearly level---------------------- 28 IIle-3 46 
HoAx Hecla loamy fine sand, loamy substratum, nearly level-----------eeneccrn one n 28 Ive-1 49 
HpAx Hecla loamy fine sand, moderately shallow, nearly level--------n--nnnnnnnnn nn 28 IVe-1 49 
HrA Hecla sandy loam, loamy substratum, nearly level---------------seecccrnenennn 28 IIlle-3 46 
HsAx Hecla soils, nearly levele-----3r- nnn ner rrr nner nr rrr nner nnnn 28 Ive-1 49 
HtAx Hecla and Embden fine sandy loams, nearly level-------+errr nner ee nen nnn necnn 29 IIIe-1 45 
HuB2 Hecla-Hamar complex, hummocky, eroded-------------r errr c rt rrr nr nena nna ecnn 29 VIe-1 50 
HvAx Hecla and Hamar loamy fine sands, nearly Leveleerrrnn- nner rnc mene ncn ne nn 29 Ive-1 49 
HxAx Hecla-Ulen fine sandy loams, nearly level----------crr rrr erence rer n nce sence 29 Iile-4 46 
HyAx Hecla-Ulen fine sandy loams, loamy substratum, nearly level~----------------~ 29 IIle=3 46 
La Lamoure silty clay loam~----------n reer errr eer r nner se rcnr rma ncn ecnnnan 30 Ilw-3 45 
Lf La Prairie and Fairdale soils------------ 30 VIe-2 o1 
Lp La Prairie silt loam------------<e------- 30 TIe1 45 
MaAx Maddock fine sandy loam, nearly level---- 31 TITe-2 46 
MaBx Maddock fine sandy loam, undulating------ 31 IIIe-2 46 
MaCx Maddock fine sandy loam, rolling--------- 31 IIle-2 46 
MdAx Maddock loamy fine sand, nearly level---- 31 IVe-2 49 
MdBx Maddock loamy fine sand, undulating------ 31 IVe-2 49 
MhD Maddock soils, hillycrrere rece nn rrr nr rrr rr rrr rrr rrr rrr ern rence 31 VIe-1 50 
MkAx Maddock loamy fine sand, moderately shallow, nearly level -----«r-----n--H cnn n 31 Tve~-2 49 
Mx3  Maddock-Hamar complex, severely eroded---------- crn nnn nnn ne een nr nn ecwenccnn 32 ViIe-1 50 
OaA Overly silt loam, nearly level----------- 32 TIc-1 45 
ObA Overly silt loam, saline, nearly level--- 32 IIIs-6 49 
OcA Overly silty clay loam, nearly level-------- 32 IIc-1 45 
OxA Overly-Exline complex, nearly level--------- 32 ITIs-2 48 
OyA Overly-Gardena loams, nearly level---------- 33 TIc-1 45 
Pa Parnéd]] soil se-9- <= s4sensee Scene eno neeess es 33 IIIw-2 47 
Pe Perella silt loamm---------------- nen nn nnn nn nn nn rn nnn ne nn errr ren re nerrne 34 Ilw-3 45 
Pr Perella silty clay Loam---~----------- 20-99-2227 --- ooo enn enn nner nnn 34 Tlw-3 45 
Ra Rauville soils 34 Vw-1 50 
RnA Renshaw and Sioux loams, nearly level------------seeer nn nnn rrr nner rence cee 35 Vis-2 51 
RnB Renshaw and Sioux loams, undulating-------3----- n-ne rrr nnn errr 35 VIs-2 51 
RsA Renshaw and Sioux sandy loams, nearly level- 35 VIs-2 51 
RsC Renshaw and Sioux sandy loams, rolling-----------s9---- 0c nner nnn nner reer enn 35 VIs-2 51 
Sa Sioux gravelly Loam=------------- n-ne -- nnn nnn en nnn nnn nnn erence nner cnn ence 35 VIs-2 Si 
SbC Sioux and Renshaw loams, rolling------------- nnn nner nner rrr rrr rte rcs stan 35 VIs-2 51 
ScA Spottswood loam, loamy substratum, nearly level-----e-rnene cnr e nnn enn errr nnn 36 IIIs-5 49 
SdA Spottswood sandy loam, loamy substratum, nearly level-~-----------------r---- 36 TIle-6 47 
SmA  Spottswood-Embden sandy loams, nearly level-------------------------2-------- 36 IIle-6 47 
SoA  Spottswood-Gardena loams, nearly level--------------------2- nnn nee een cnecee 36 IlIs-5 49 
St Stirum-Glyndon complex-+-------- 2-220 enone enn nen enn nee nner ne 37 IIIs-3 48 
Sx Svea-Barnes loams-------- nee ne ne ce nn nnn en nn enn nnn en nnn ene e nnn ne en- 37 IIe~1 45 


Accessibility Statement 


This document is not accessible by screen-reader software. The Natural Resources 
Conservation Service (NRCS) is committed to making its information accessible to all 
of its customers and employees. If you are experiencing accessibility issues and need 
assistance, please contact our Helpdesk by phone at (800) 457-3642 or by e-mail at 
ServiceDesk-FT C@ftc.usda.gov. For assistance with publications that include maps, 
graphs, or similar forms of information, you may also wish to contact our State or local 
office. You can locate the correct office and phone number at http://offices.sc.egov. 
usda.gov/locator/app. 


Nondiscrimination Statement 


Nondiscrimination Policy 


The U.S. Department of Agriculture (USDA) prohibits discrimination against its 
customers, employees, and applicants for employment on the basis of race, color, 
national origin, age, disability, sex, gender identity, religion, reprisal, and where 
applicable, political beliefs, marital status, familial or parental status, sexual orientation, 
whether all or part of an individual’s income is derived from any public assistance 
program, or protected genetic information. The Department prohibits discrimination in 
employment or in any program or activity conducted or funded by the Department. (Not 
all prohibited bases apply to all programs and/or employment activities. ) 


To File an Employment Complaint 


If you wish to file an employment complaint, you must contact your agency’s EEO 
Counselor (http://directives.sc.egov.usda.gov/33081.wba) within 45 days of the date of 
the alleged discriminatory act, event, or personnel action. Additional information can be 
found online at http://www.ascr.usda.gov/complaint_filing_file.html. 


To File a Program Complaint 


If you wish to file a Civil Rights program complaint of discrimination, complete the 
USDA Program Discrimination Complaint Form, found online at http://www.ascr.usda. 
gov/complaint_filing_cust.html or at any USDA office, or call (866) 632-9992 to request 
the form. You may also write a letter containing all of the information requested in 
the form. Send your completed complaint form or letter by mail to U.S. Department 
of Agriculture; Director, Office of Adjudication; 1400 Independence Avenue, S.W.; 
Washington, D.C. 20250-9419; by fax to (202) 690-7442; or by email to program. 
intake@usda.gov. 


Persons with Disabilities 


If you are deaf, are hard of hearing, or have speech disabilities and you wish to file 
either an EEO or program complaint, please contact USDA through the Federal Relay 
Service at (800) 877-8339 or (800) 845-6136 (in Spanish). 

If you have other disabilities and wish to file a program complaint, please see the 
contact information above. If you require alternative means of communication for 


program information (e.g., Braille, large print, audiotape, etc.), please contact USDA's 
TARGET Center at (202) 720-2600 (voice and TDD). 


Supplemental Nutrition Assistance Program 


For additional information dealing with Supplemental Nutrition Assistance Program 
(SNAP) issues, call either the USDA SNAP Hotline Number at (800) 221-5689, which 
is also in Spanish, or the State Information/Hotline Numbers (http://directives.sc.egov. 


usda.gov/33085.wba). 


All Other Inquiries 
For information not pertaining to civil rights, please refer to the listing of the USDA 


Agencies and Offices (http://directives.sc.egov.usda.gov/33086.wba). 
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NORTH DAKOTA AGRICULTURAL EXPERIMENT STATION 
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GENERAL SOIL MAP 
TRI-COUNTY AREA, NORTH DAKOTA 


R. 52 W, 
ae 


SOIL ASSOCIATIONS 


Aberdeen association: Nearly level, somewhat poorly drained, 
silty soils that have a claypan 

Bearden-Overly-Fargo association: Nearly level, moderately 
well drained to poorly drained silt loams to clays 


Embden-Glyndon-Egeland association: Nearly level, well-drained 
or somewhat poorly drained loams or fine sandy loams 


Gardena-Glyndon-Eckman association: Nearly level, well-drained 
to somewhat poorly drained loams 


Hecla-Hamar-Ulen association: Nearly level and gently undulating, 
moderately well drained to poorly drained, sandy soils 

La Prairie-Fairdale association: Nearly level, moderately 

well drained loams on flood plains 


Maddock-Hamar association: Gently undulating to hilly, 
somewhat excessively drained to poorly drained, sandy soils 


Overly-Gardena association: Nearly:level, moderately well 
drained loams to silty clay loams 


Renshaw-Sioux association: Nearly level! to rolling, well- 
drained and excessively drained soils that are shallow to 
gravel and coarse sand 


Svea-Hamerly-Barnes association: Nearly level to undulating, 
well-drained to somewhat poorly drained loams 

Ulen-Hecla association: Nearly level, moderately well drained 
or somewhat poorly drained, sandy soils 


July 1965 
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U. S. DEPARTMENT OF AGRICULTURE 
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estimated reliably. 


SYMBOL NAME 


Ad Aberdeen silt loam 

Ak Alluvial land 

An Arveson fine sandy loam 

Ar Arveson fine sandy loam, moderately shallow 
Ay Arveson fine sandy loam, very wet 

Aw Arveson loam 


BaB Barnes loam, undulating 

BbC Barnes-Buse loams, rolling 
BbD Barnes-Buse loams, strongly rolling 
BdB Barnes-Svea loams, undulating 
Be Bearden silt loam 

Bearden silty clay loam 
Bearden soils, saline 
Bearden-Overly silt loams 
Borup silt loam 

Borup silt loam, very wet 
Buse loam, hilly 


Dimmick clay 
Divide loam 


Eckman loam, nearly level 

Eckman loam, undulating 

Eckman loam, rolling 

Eckman loam, till substratum, undulating 
Egeland fine sandy loam, nearly level 
Egeland fine sandy loam, undulating 
Embden fine sandy loam 
Embden-Gardena complex 
Embden-Glyndon fine sandy loams 
Embden and Hecla fine sandy loams 
Exline complex 


Fairdale silt loam, levee 
Fargo clay 

Fargo silt loam 

Fargo silty clay loam 

Fargo silty clay |oam, saline 
Fargo-Exline silty clay loams 
Fresh water marsh 


Gardena loam, verv deep, nearly level 

Gardena loam, very deep, undulating 

Gardena loam, deep, nearly level 

Gardena loam, moderately shallow, nearly level 
Gardena loam, moderately shallow, undulating 
Gardena loam, till substratum, nearly level 


Gardena-Eckman loams, till substratum, 
nearly level 


Gardena-Glyndon loams, nearly level 


Gardena-Glyndon loams, till substratum, 
nearly level 


Glyndon loam, very deep, nearly level 
Glyndon loam, very deep, undulating 
Glyndon loam, deep, nearly level 


Glyndon-Borup loams, strongly saline, 
nearly level 


Glyndon and Gardena loams, nearly level 


Glyndon and Hamerly loams, saline, 
nearly level 


Gravel pits 


Hamar fine sandy loam 
Hamar-Ulen fine sandy loams 
Hamar-Ulen loamy fine sands 
Hamerly complex, undulating 
Hamerly loam, nearly level 
Hamerly-Barnes loams, undulating 
Hecla fine sand, nearly level 

Hecla fine sandy loam, nearly level 


Hecla fine sandy loam, moderately shallow, 
nearly level 


SOIL LEGEND 


SYMBOL 
HoAx 


HpAx 


The first capital letter is the initial one of the soil name. A second 
capital letter, A, B, C, or D shows the slope. 
a slope letter are those of nearly level soils, such as Fargo clay, or of 

land types, such as Fresh water marsh. The number 2 in any symbol shows 
that the soil has been eroded; 3 shows that the soil has been severely 
ercded. The letter x at the end of a 3-letter or 4-letter symbol shows 

that the soil has been eroded, but the degree of erosion cannot be 


Most symbols without 


NAME 


Hecla loamy fine sand, loamy substratum, 
nearly level 


Hecla loamy fine sand, moderately shallow, 
nearly level 

Hecla sandy loam, loamy substratum, 
nearly level 

Hecla soils, nearly level 


Hecla and Embden fine sandy loams, 
nearly level 


Hecla-Hamar complex, hummocky, eroded 
Hecla and Hamar loamy fine sands, nearly level 
Hecla-Ulen fine sandy loams, nearly level 


Hecla-Ulen fine sandy loams, loamy substratum, 
nearly level 


Lamoure silty clay loam 
La Prairie and Fairdale soils 
La Prairie silt loam 


Maddock fine sandy loam, nearly level 
Maddock fine sandy loam, undulating 
Maddock fine sandy loam, rolling 
Maddock loamy fine sand, nearly level 
Maddock loamy fine sand, undulating 
Maddock soils, hilly 


Maddock loamy fine sand, moderately shallow, 
nearly level 


Maddock-Hamar complex, severely eroded 


Overly silt loam, nearly level 

Overly silt loam, saline, nearly level 
Overly silty clay loam, nearly level 

Overly-Exline complex, nearly level 

Overly-Gardena loams, nearly level 


Parnell soils 
Perella silt loam 
Perella silty clay loam 


Rauville soils 

Renshaw and Sioux loams, nearly level 
Renshaw and Sioux loams, undulating 
Renshaw and Sioux sandy loams, nearly level 
Renshaw and Sioux sandy loams, rolling 


Sioux gravelly loam 
Sioux and Renshaw loams, rolling 
Spottswood loam, loamy substratum, nearly level 


Spottswood sandy loam, loamy substratum, 
nearly level 


Spottswood-Embden sandy loams, nearly level 
Spottswood-Gardena loams, nearly level 
Stirum-Glyndon complex 

Svea-Barnes loams 

Svea-Hamerly loams 


Tiffany fine sandy loam 
Tetonka silt loam 


Ulen complex, saline 

Ulen fine sandy loam 

Ulen fine sandy loam, loamy substratum 
Ulen fine sandy loam, moderately shallow 
Ulen-Gardena fine sandy loams 


Vallers loam 


Fordville loam, nearly level 
Fordville loam, undulating 
Fordville sandy loam, nearly level 
Fordville sandy loam, undulating 


Zell fine sandy loam, undulating 
Zell loam, undulating 
Zell loam, strongly rolling 


TRI-COUNTY AREA, NORTH DAKOTA 


WORKS AND STRUCTURES 
Highways and roads 


OA) cas sectenpticrceserutartarasanspsraeereie 


Good motor 


Poor MOtOr owe ESSE SEES SSS sSSaS 


Trail 


Highway markers 
National Interstate oo... 
State ayaeaaeeiaatyacusinidieeste O 


Railroads 


Single track 


Multiple track 


Abandoned 


Bridges and crossings 
Road 


Trail, foot 


Railroad 


Ferries 


Ford 


Gade craiciwnmmnwtwnsnnuveccon 


R. R. over 


R. R. under 


Tunnel 


Buildings 
School ais pb easeaeseesaise [ 
CHURCH ceusanorcaenens ‘ i 
Station eeecccceeeceeee HH 
Mines and Quarries .......... R 
Mine dump oo ccceccsceeeeees nine 


Pits, gravel or other . 


Power lines 


Pipe lines (oe i coon oe oe oe ie 
oy. 
yt 
Cemeteries ooocccccee cecccceeeeee tld 
DAMS.  senmsctannencswenanaeoe: a 
Levees 
Tanks lel aarrenRTae e © 
Oil wells Lihemaanespat sates 6 


NORTH DAKOTA AGRICULTURAL EXPERIMENT STATION 


CONVENTIONAL SIGNS 
BOUNDARIES 


National or state 


-_- 
COGHY sence ——— a 


Township, U. S. 


Section line, corner saneeeer ee + 


Reservation 


Land grant ee a es 
DRAINAGE 
Streams 
Perennial ............- igen 
Intermittent, unclass. .. : ae al 


Canals and ditches 


Lakes and ponds 


Perennial ou... z c) 


- 
r ) 
Intermittent 2.00... . eee ad 
WETS ccnpcinwesonarsiawearmarenussmeaaios ° © flowing 


Se 
Springs ies valalesonerisiae 


Marsh 5. seas ak 
w 
Wet spot aig . . 
RELIEF 
Escarpments 
Bedrock _ = 
ATT rrp, cay an NTT 
Other 
7t 
Prominent peakS 0... : any 
Large Small 
a, 
Depressions  o.eeeeeee sae Ayay 


SOIL SURVEY DATA 


Soil boundary “a” 
AME! SYMBOL o---cctacnsncrcerncerscnnncctarses ( 

Gravel “ee 
StON6S cancommmmcricnrmnans ‘ > 
Rock outcrops _... in “ye 
Chert fragments .......ecee cee 2 5 
Clay spot Sess mnen 4 *% 
Sand spot Bo 
Gumbo or scabby spot e 
Made land sana einciated = 
Severely eroded spot ......... epaeestetits = 
Blowout, wind erosion _ oo. VY 
Gullies .... Aaeepenoveipne PPP 
Saline spot sais Bovenesa stash + 

Limy spot oe ° 


Short steep slope....... 


Soil map constructed 1963 by Cartographic Division, 
Soil Conservation Service, USDA, from 1952 and 
1954 aeria! photographs. Controlled mosaic based 
on North Dakota plane coordinate system, south 
zone, Lambert conformal conic projection. 1927 
North American datum. 
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TRI-COUNTY AREA, NORTH DAKOTA - SHEET NUMBER 44 
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